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THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference witli the ground occupied by 
other institutions. Its objects are : — To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one 
another and with foreign philosophers, — to obtain a more general attention 
to the objects of Hcieuco, and a removal of any disadvantages of a public kind 
which impede its progress. 


11 U L E S. 

Admission of Members and Associates. 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subsciibing an obligation to con- 
form to its llules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 

Compositions, Subscriptions, and Privileges^ 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Ileports of the Association which may be pub- 
1875, h 
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lished after the date of such payment. They are eligible to all the ofiiccs 
of the Association. 

Annual Subsckibeks shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the llcports of the Association for the year of their admission 
and for the years in which they continue to pay without intc'i^iission their 
Annual Subscription. Py omitting to i)ay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the privilege of receiving the volumes of the Association gratis: 
but tliey may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each sucli occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the lieports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from IS^ll to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1S4G, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1880 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first year, and One Pound in each following year. 
[May resume their Membership after intermission of Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates wiU be entitled to receive the annual 
volume of llcports, gratis, or to ^>znr/(U.sc it at reduced (or Members’) price, 
according to the following sj)ecification, viz. : — 

1. Gratis, — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Look Hubscription, or, since 1845, a 
further sum of Five Pounds. 

New Life Members vho have paid Ten Pounds as a comqiosition. 

Annual Members \\ho have not iutcrmilted their Annual Sub- 
scription. 

2. At reduced or Memhers* Pnees, viz. two thirds of the Publication 

Price. — Old Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Look Subscription. 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more thaii 100 copies remain, at one third of 
the Publication Price. Application to be made at the Office 
of the Association, 22 Albemarle Street, London, W. 
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Volumes not claimed within two years of the date of publication can only 
bo issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


Meetings, 

The Association shall meet annually, for one week, or longer. The place 
of each !Meeti ng shall be appointed by the General Committee two years in 
advance ; and the Arrangements for it shall be entrusted to the Officers of 
the Association. 


General Committee. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons ; — 

Class A. Pekmanent Members. 

1. Members of the Council, Presidents of the Association, and Presidents 
of Sections for the present and preceffing years, with Authors of Iteports in 
the Transactions of the Association. 

2. iMemliers who ])y the jmhlicati’on of "Works or Papers have furtliered 

the advancement of those sub]<’Cty which are taken into consideration at the 
Sectional Medings of the Association, o vhiv of svhDiitluoj chihiis 

vnder ihh Jivle io the datswu of the CovneU^ thrg ^iinst he sent to the Assistant 
General Sec)rf((ry at least one month before the Meeting of the Association. 
The (hdsion ef the Connal on the claims of any Member of the Association to 
be 2 ^Iacc(l on the list of the General Committee to he final. 

Class B. Temporviiy Memrers. 

1 , The President for the time being of any Scientific Society publishing Tians- 
actions or, in his al)Soncc, a delegate repiesenting him. Claims imder this link 
to be s<ni to the ulssistant 0 aural Secretary before the ojocning of the Meeting. 

2. Office-beareis for the time being, or delegates, altogether not exceeding 
three, from Seiciitific Institutions established in the place of Meeting. 
Claims nndcr this Ihde to he ajriiTOVid by the Local Secretaries before the 
o^icning of the Meeting. 

B. Poreigners and other individuals wdiosc assistance is desired, and who 
are specially nominated in writing, for the Meeting of the year, by the Pre- 
sident and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 


Organizing Sectional Committees'^, 

The Presidents, Vice-Presidents, and SccrctaricB of the several Sections 
are nominated by the Council, and have power to act until their names are 
submitted to the General Committee for election. 

Prom the time of their nomination they constitute Organizing Committees 
for the purpose of obtaining information upon tho Memoirs and Iteports 
likely to bo submitted to the Sections f, and of preparing Eeports thereon, 


* Passed by tlio General Cornmiltee, Edinburgh, 1871. 

t Notice to Coninhi(ioi\s of Memoii's.— Authors are reminded that, under an arrange- 
ment dating IVom 1871, the acceptance of Memoirs, and tho days on which tliey^are io be 
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and on the order in which it is desirable that they should be read, to be pre- 
sented to the Committees of the Sections at their first Mcetinp^. 

An Organizing Committee may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum- 
stances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to 
settle the terms of their Report, after which their functions as an Organizing 
Committee shall cease. 


Constitution of the Sectional Committees^. 

On the first day of the Annual Meeting, the President, Vicc-Presideuts, 
and Secretaries of each Section having been appointed by the General Com- 
mittee, these Officers, and those previous Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 P.M., in their Com- 
mittee Rooms, and enlarge the Sectional Committees by selecting individuals 
from among the Members (not Associates) present at the Meeting whose as- 
sistance they may particularly desire. The Sectional Committees thus con- 
stituted shall have power to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute-Book, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the same before 8 a.m. on the next day, in the Journal of the 
Sectional Proceedings. 


Busmess of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday at 2 p.m., on the 
following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Rules of the Association, 
and specified below. 

The business is to bo conducted in the following manner: — 

At the first meeting, one of the Secret aiies will read the Minutes of last 
year’s proceedings, as recorded in the Miuutc-Eook, and the Synopsis of 
Recommendations adopted at the last Meeting of the Association and printed 
in the last volume of the Transactions. He will next proceed to read the 
Report of the Organizing Committee f. The List of Communications to ho 
read on Thursday shall be then arranged, and the general distribution of 
business throughout the week shall be provisionally aj)j)ointed. At the close 
of the Committee Meeting the Secretaries shall forw^ard to the Printer a List 
of the Papers appointed to be read. The Printer is charged with publishing 
the same before 8 a.m. on Thursday in the Journal. 

On the second day of the Annual Meeting, and the following days, the 


read, are now as far as possible determined by Organizing Committees for the several 
Sections before the beginning of the Meeting, It has therefore become necessary, in order 
to give an opportunity to the Committees of doing justice io the several Communications, 
that each Author should prepare an Abstract of his Memoir, of a length suitable for in- 
sertion in the published Transactions of the Association, and that he should send it, togo- 

therwith the original Memoir, by book-post, on or before addressed 

thus — “General Secretaries, British Association, 22 Albemarle Street, London, W. For 

Section ” If it should be inconvenient to the Author that his Paper should be read 

on any particular days, he is requested to send information thereof to the Secretaries in u 
separate note. 

* Passed by the General Committee, Edinburgh, 1871. 
tThis and the following sentence were added by the General Committee, 1871. 
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Secretaries are to correct, on a copy of tlie Journal, the list of papers which 
have been read on that day, to add to it a list of those appointed to bo read 
on the next day, and to send this copy of the Journal as early in the day as 
possible to the Printers, who are charged with printing the same before 8 a.m. 
next morning in the J ournal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening. 

Minutes of the proceedings of every Committee are to be entered daily in 
the Minute-Book, which should be confirmed at the next meeting of the 
Committee. 

Lisles of the Iteports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirii and Copies or Abstracts 
of Mem.oirs far nlslteA hij Aatliors^ are to he forwarded, at the close of the Sec- 
tional Meetinfjs, to the Assistant (General Secretary. 

The Vice- Presidents and Secretaries of Sections become cx ojjlcio temporary 
Members of the (General Committ(‘e (vide p. xix), and will receive, on ap- 
plication to the Treasurer in the llcception Boom, Tickets entitling them to 
attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their ^lembcrs for the advancement of Science. They are 
sf)ocially re(}uestcd to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association and the communi- 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of research to which individual or combined exertion may be 
iisclully directed, and branches of knowledge on the state and progress of 
which Beports are wanted ; to name individuals or Committees for the exe- 
cution of such ll(‘])orts or researches ; and to state whether, and to what de- 
gree, these objects may bo usefully advanced by the appropriation of the 
funds of the Association, by application to Government, Philosophical Insti- 
tutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, it is 
expedient that all Members of the Committee should he named, and one of 
tJion appointed to act as Secretary, for insuring attention to business. 

Committee's have power to add to their number iicrsoiis whose assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to be 
registered in the Porms furnished to their Secretaries, and one Copy of each 
is to be forwarded, without delay, to the Assistant General Secretary for pre- 
sentation to the Committee of Recommendations. Unless this he done, the 
Recommendations cannot receive the sanction of the Association. 

N.B . — Recommendations which may originate in any one of the Sections 
must first he sanctioned hy the Committee of that Section before they can be 
referred to the Committee of Recommendations or confirmed by the General 
Committee. 


Notices Regarding Grants of Money. 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for the prosecution of particular researches in Science, 
are required to present to each following Meeting of tho Association a Report 
of the progress which has been made ; and tho Individual or the Member first 
named of a Committee to whom a money grant has been made must (pre- 
viously to the next meeting of the Association) forward to the General 
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Secretaries or Treasurer a statement of the suras which have been expended, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a weeh before the opening of the ensuing Meeting; nor is the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they be renewed in the original or a modified form by the General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so ; and no money so raised shall be expended except in accordance 
with the rules of the Association. 

In each Committee, the Member first named is the only person entitled to 
call on the Treasurer, Professor A. W. Williamson, University College, London, 
W.C., for such portion of the sums granted as may from time to time bo 
required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named is deemed 
to include, as a part of the amount, whatever balance may remain unpaid on 
the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of tlic Association 
are to be deposited at the Office of the Association, 22 Albemarle street, 
Piccadilly, London, W., when not employed in carrying on scientific inquiries 
for the Association. 


Bminess of the Sections* 

The Meeting Room of each Section is opened for conversation from 10 to 
11 daily. The Section Rooms and approaches thereto can he used for no notices^ 
exhibitions, or other purposes than those of the Association. 

At 11 precisely the Chair will bo taken, and the reading of communica- 
tions, in the order previously made public, be commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications de- 
livered in may render such divisions desirable. 

A Report presented to the Association, and road to the Section which 
originally called for it, may be read in another Section, at the request of the 
Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 

1. — ^To remain constantly at the Doors of the Rooms to which they are ap- 

pointed during the whole time for which they are engaged. 

2. — To require of every person desirous of entering the Rooms the exhibi- 

tion of a Member’s, Associate’s or Lady’s Ticket, or Reporter’s Ticket, 
signed by the Treasurer, or a Special Ticket signed by the Assistant 
General Secretary. 

3. — ^Persons unprovided with any of these Tickets can only be admitted to 

any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the Asso- 
ciation whose names are printed. 
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Duties of the Messengers, 

To remaia constantly at the Rooms to which they are appointed, during 
the whole time for which they are engaged, except when employed on mes- 
sages by one of the Officers directing these Rooms. 


Committee of Recommendations, 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Researches, 
and Reports on Scientific Subjects shall be submitted to the Committee of 
Recommendations, and not taken into consideration by the General Committee 
unless previously recommended by the Committee of Recommendations. 


Local Committees, 

Local Committees shall be formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


Officers, 

A President, two or more Yice-Presidents, one or more Secretaries, and a 
Treasurer shall be annually appointed by the General Committee. 


Council, 

In the intervals of the Meetings, the affairs of the Association shall bo ma- 
naged by a Council appointed by the General Committee. The Council may 
also assemble for the despatch of business during the week of the Meeting. 


Papers and Communications, 

Tlie Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

Accounts, 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee, 
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HBPOET — 1875. 


Presidents and Secretaries of the SectioTis of the Association. 


Date and Place. Presidents. Socretaines. 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OP SCIENCES, I. MATHEMATICS AND GENEEAL PHYSICS. 

1832. Oxford Davies Gilbert, D.C.L., F.R.S....jPev. IT. Coddington. 

18,*^. Cambridge SirD. Brewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Who well, F.R S jProf. Forbes, Prof. Lloyd. 

SECTION A.- MATHEMATICS AND PHYSICS. 

1835. Dublin 'Rev. Dr. Robinson Prof. Sir W. R. Ilamilton, Prof. 

Wheatstone. 

1838. Bristol Rev. William Whewell, F.R.S ... Prof. Forbes, W. S. Harris, F. W. 

, Jorrard. 

1837. Liverpool .. Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, Prof. 

f Stevelly. 

1838. Newcastle... Sir J. F. W. Herschel, Bart., Rev. Prof. Clievallier, Major Sabine, 

F.R.S. I Prof. Slevelly. 

1839. Birmingliam Rev. Prof. Whewell, F.R.S J. D. Chance, "W. Snow Hams Prof. 

j Stevelly. 

1840. Glasgow ... Prof. Forbo.s, F.R.S Rev. Dr. Forbes, Prof. Stevelly, Arch. 

I Smith. 

1841. Plymouth... Rev. Prof. Lloyd, F.R.S Prof. Stevelly. 

1842. Manchester Very Rev. G. Peaeoek, D.D., Prof. M‘Cuiloch, Prof. Stevelly, Rev. 

F.R.S. j W. Scorcsby. 

1843. Cork Prof. M‘Ciilloch, M R.T.A J. Nott, Prof Stevelly. 

1844. York The Earl of Ro.s.se, F.R S :Rev. Win. Hey, Prof. Stevelly. 

1846. Cambridge. . The Very Rev. the Dean of Ely .'Rev. H. Goodwin, Prof. Stevelly, O. 

G. Stokes. 

1846. Southampton Sir John F. W. Hcrschcl, Bart., 1 John Drew, Dr. Stevelly, 0. G. 

F.R.S. j Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., F.R.S. .Rev. H. Price, Prof. Stevelly, G. G, 

Stokes. 

1848. Swansea .... Lord Wrottesley, F.R S Dr. Stevelly, G. G. Stokes. 

1849. Birmingham William Hopkins, F.R S Prof. Stevelly, G. G. Stokes, W, 

Ridout Wills. 

1850. Edinburgh .. Pi'of. J. D. Forbe.s, F.R.S., See. W.J.MacquornRankine, Prof. Smyth, 

R.S.E. Prof. Stevelly, Pi*of. G. G. Stok'c.s. 

1851. Ipswich Rev. W. Whewell, D.l)., F.R.S., S. Jackson, W. J. Macquorii Rankinr, 

&c. Prof Stevelly, Prof. G. G. Stokes. 

1852. Belfast Prof. W, Thomson, M.A., F.R.S. Prof. Dixon, W. J, Macquorn Ran* 

L. & E. kine. Prof. Stevelly, J. Tyndall. 

1853. Hull The Dean of Ely, F.R.S B. Bkydes Haworth, J. D. Sollilt, 

Proi- Stevelly, J. Welsh. 

•1864. Liverpool... Prof. G. G. Stoke.s, M.A., Sec. J. Hartnup, H. G. Pucklo, Prof. 

R.S. Stevelly, J. Tyndall, J. Welsh. 

1855. Glasgow ... Rev. Prof. Kelland, M.A., F.R.S. Rev. Dr. Forbes, Prof. D. Gray, Prof, 

L. & E. Tyndall. 

1856. Cheltenham Rev. B. Walker, M. A., F.R.S. ... C. Brooke, Rev. T. A. Southwood, 

Prof. Stevelly, Rev. J. C. Turnbull. 

1857. Dublin Rev .T. R. Robinson, D.D.,F.R.S., Prof. Curtis, Prof. Hennessy, P. A. 

M. R.I.A. Ninnis, W. J. Macquorn Rankine, 

Prof. Stevelly . 

1858. I^ds Rev. W. Whewell, D.D., V.P.R.S. Rev. S. Earnshaw, J. P. Hennessy, 

Prof. Stevelly. II. J. S. Siniili, Prof. 
Tyndall. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


XXXI 


Date and Place. Presidents. 


1859. Aberdeen ... The Earl of Rosse, M.A,, K.P., 

FBS. 

1860. Oxford ReT. B. Price, M.A., F.R.S 

1861. Manchester. O. B. Airy, M.A., D.C.L., F.R.S. 

1862. Cambridge.. Prof. O. G. Stokes, M.A., F.R.S. 

1863. Newcastle.. Prof. W. J. Macqiiorn Rankine, 

C E F R S 

18(U. Bath Prof. Cayley, M.A., F.R.S., 

F.E.A.S. 

1805. Birmingham W. Spottiswoodc, M.A., F'.R.S., 

F.R.A.S. 

1860. Nottingham Prof. Wheatstone, D.C.L., F.R.S. 

1867. Dundee Prof. Sir W. Thomson, D.C.L, 

F R S 

1868. Norwich .. Prof. J. Tyndall, LL.D., F.R.S... 

1869. Exeter Prof. J. J. Sylvester, LL.D., 

FR.S. 

1870. Liverpool.. J. Clerk Maxwell, M. A., LL.D., w.. .... , ... .... 

F.R.S. Prof. G. C. Foster, Rev. W. Allen 

Whitworth. 

1871. Edinburgh . Prof. P. G. Tait, F.R.S.E. .!.... Prof. W. G. Adams, J. T. Bottomley, 

Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

1872. Brighton .. W^ Dc La Rue, D.C.L., F.R.S.,. Prof. W.K. Clifford, J.W.L. Glaisher, 

Prof, A. S. Ilerschel, G. F. Rod well. 

1873. Bradford ... Prof. II. J. S. Smith, F.R.S Prof. W. K. Clifford, Prof. Forbes, J. 

W. L Glnisher, Prof. A. S.Herschel. 

1 874. Belfast Rev. Prof. J. 11. Jellctt, M.A., J. W. L. Glaisher, Prof. Herschel, 

M.R.I.A. Randal Nixon, J. Perry, G. F. Rod- 

well. 

1875. Bristol iProf Balfour Stewart, M. A., Prof. W. F. Barrett, J.W. L. Glaisher, 

i LL D., F.R.S. C. T. Hudson, G. F. Rodwell. 


CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCES, II. — CHEMISTRY, MINERALOGY. 

18.32. Oxford.. .. 'John Dalton, D.C.L., F.R.S James F. W. Johnston. 

1833. Cambridge.. Ill ohn Dalton, D.C.L., F.R.S Prof. Miller. 

1834. Edinburgh...iDr. Hope Mr. Johnston, Dr. Christison. 

SECTION B. — CHEMISTRY AND MINERALOGY. 

1835. Dublin Dr. T. Thomson, F.R.S Dr. Apjohn, Prof. Johnston. 

1830. Bristol Rev. Prof. Gumming Dr. Apjohn, Dr. C. Heni^, W. Hera- 

path. 

1837. Liverpool.. Michael Faraday, F.R.S Prof. Johnston, Prof. Miller, Dr, 

Reynolds. 

1838. Newcastle... Rev. William Whewell, F.R.S.... Prof. Miller, R. L.Pattinson, Thomas 

Richardson. 

ia30. Birmingham Prof. T. Graham, F.R.S Golding Bird, M.D., Dr. J.B. Melson. 

1840. Glasgow .. Dr. Thomas Thomson, F.R.S. ... Dr. R. D. Thomson, Dr. T. Clark, 

Dr. L. Playfair. 

1841. Plymouth.. Dr. Daubeny, F.R.S J. Prideaui, Robert Hunt, W. M. 

Tweedy. 

1842. Manchester. John Dalton, D.C.L , F.R.S Dr. L. Playfair, R. Hunt, J. Graham. 


Secretaries. 


J. P. Hennessy, Prof. Maxwell, H. J, S. 

Smith, Prof. Stevelly. 

Rev. G. C. BeU, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Rev. N. Ferrers, Prof. Fuller, F. Jenkin, 
Prof. Stevelly, Rev. C. T. Whitley. 
Prof. Fuller, F. Jenkm, Rev. G. 

Buckle, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jenkin, O. 
S. Mathews, Prof. II. J. S. Smith, 
J. M. Wilson. 

Fleeming Jenkin, Prof. H. J. S. Smith, 
Rev. S. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof G. C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prnf W. a AfInmR. W. TT 
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EEPORT — 1875 , 


Date and Place, Presidents. Secretaries. 

1843. Cork Prof. Apjohn, M.R.I.A, R. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.R.S Dr. R. Playfair, E. Solly, T. H. Barker. 

1845. Cambridee.. Key. Prof. Gumming... R. Hunt, J. P, Joule, Prof. MiEer, 

E. Solly. 

1846.Southampton Michael Faraday, D.C.L., F.R.S. Dr. Miller, R. Hunt, W. Randall. 

1847. Oxford Rov.W.V.Harcourt, M.A., F.R.S. B. C. Brodie, R. Hunt, Prof. Solly. 

1848. Swansea ... Richard Phillips, F.R.S T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R.S R. Hunt, G. Shaw. 

1850. Edinburgh .Dr. Chriatison, V.P.R.S.E Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, F.R.S. ... T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.I)., F.R.S. . Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof. J. F. W. Johnston, M.A., H. S. Blundell, Prof. R. Hunt, T. J. 

F.R.S. Pearsall. 

1854. Liverpool... Prof. W. A. Miller, M.D., F.R.S. Dr. Edwards, Dr. Gladstone, Dr. Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B., F.R.S. . Prof. Frankland, Dr, H. E. Roscoe, 

1856. Cheltenham Prof. B. C. Brodie, F.R.S J. Horsley, P. J. Worsley, Prof. 

Voelcker. 

1857. Dublin Prof. Apjohn, M.D., F.R S., Dr. Davy, Dr. Gladstone, Prof. Sul- 

M.RI.A. livan. 

1858. Leeds Sir J. F. W. Herschcl, Bart, Dr. Gladstone, W. Odling, R, Rey- 

D.C.L. nolds. 

1859. Aberdeen ... Dr. Lyon Playfair, C.B., F.R.S.. J. S. Brazier, Dr. Gladstone, G. D, 

Liveing, Dr. Odlmg. 

1860. Oxford Prof. B. C. Brodie, F.R.S A. Vernon Harcourt, G. D. Liveing, 

A. B. Northcote. 

1861. Manchester. Prof. W. A. Miller, M.D., F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge , Prof. W. A. Miller, M.D , F.R S II. W. Elphinstone, W. Odhng, Prof. 

Roscoe. 

1863. Newcastle... Dr. Alex. W. Williamson, F.R.S. Prof. Liveing, H. L. Pattinson, J. C. 

Stevenson. 

1864. Bath W. Odling, M.B., FR.S ,F.C.S. A.V. Harcourt, Prof. Liveing, R. Biggs. 

1866. Birmingham Prof. W. A. Miller, M.D.,V.P.R.S. A. V. Harcourt, H, Adkins, Prof. 

Wanklyn, A. Winkler Wills. 

1866. Nottingham H. Bence Jones, M.D., F.R.S. .. J. H. Atherton, Prof. Liveing, W. J. 

Ru.ssell, J. White. 

1867. Dundee ... Prof. T. Anderson, M.D., F.R.S E. A. Crum Brown, Prof. G. D. Liveing, 

W. J. Ru8.sell. 

1868. Norwich ... Prof.E. Frankland, F.R.S ,F.C.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

sell, F. Sutton. 

1869. Exeter Dr. H. Debus, F.R.S., F.C.S. ... Prof. A. Crum Brown, M.D., Dr. W. 

J. Russell, Dr. Atkinson, 

1870. Liverpool... Prof. H. E, Roscoe, B.A., F.R.S., Prof. A. Crum Brown, M.D., A. E. 

F.C.S. Fletcher, Dr. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D., F.R.S. J. T. Buchanan, W. N. Hartley, T. E. 

Thorpe. 

1872. Brighton ... Dr. J. H. Gladstone, F.R.S Dr. Mills, W. Chandler Roberts, Dr. 

W. J. Russell. Dr. T. Wood. 

1873. Bradford ... Prof. W. J. Russell, F.R.S Dr. Armstrong, Dr. Mills, W. Chan- 

dler Roberts, Dr. Thorpe. 

1874. Belfast Prof. A. Crum-Brown, M.D., Dr. T. Cranstoun Charles, W. Chand- 

F.R.S.E., F.C.S. ler Roberts, Prof. Thorpe. 

1876. Bristol I A. G. Vernon Harcourt^ M.A., Dr. H. E. Armstrong, W. Chandler 

I r.B.S., F.C.S. Roberts, W. A. Tilden. 

GEOLOGICAL (and, tjntii 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford |R. I. Murchison, F.R.S John Taylor. 

1833. Cambridge . G. B. Greenough, F.R.8 W. Lonsdale, John Phillips. 

1834. Edinburgh . Prof. Jameson Prof. Phillips, T. Jameson Torrie, 

I Rov. J. Yates, 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place. 


Presidents. 


Secretaries. 


1835. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle... 
1833. Birmingham 

1840. Q-lasgow ... 

1841. Plymouth.. 

1842. Manchester 

1843. Cork 

1844. York 

1845. Cambridge . 

1846. Southampton 

1847. Oxford 

1848. Swansea . . . 

1849. Birmingham 

1850. Edinburgh* 


SECTION C. GEOLOGY AND GEOGRAPHY. 


B. J. <31riffith 

Rev. Dr. Buckland, F.B.S. — Geo- 
graphy. R. I. Murchison, F.B.S. 

Rev.Prof. Soi^wick.F.R.S. — Geo- 
graph). G.B.QreenoughjF.R.S. 

C. Lyell, F.R.S., N ^.—Geo- 
graphy. Lord Prudhope. 

Rev. Dr. Buckland, P.R.S. — Geo- 
graphy. G.B.Greenough,F.R.S. 

Charles Lyell, F.R.S. — Geogra- 
phy, G. B. Greenough, F.R.S. 

H. T. De la Beche, F.B.S 

R. I. Murchison, F.R.S 

Richard E. Griffith, F.R.S., 
M.R.I.A. 

Henry Warburton, M.P., Pres. 
Geol. Soc. 

Rev. Prof. Sedgwick, M. A., F.R.S. 

LeonardHorner, F.R.S. — Geogra- 
phy. G. B. Greenough, F.R.S. 

Very Rev. Dr. Buckland, F.R.S. 

Sir H. T. De la Beche, C.B., 
F R S 

Sir Charles Lyell, F.R.S., F.G.S. 

Sir Roderick I. Murchison, F.R.S. 


Captain Portlock, T. J. Torrie, 
William Sanders, S. Stutohbury, T. J. 
Torrie. 

Captain Portlock, R. Hunter.— 6r«o- 
graphy. Captain H M. Denham, B.N. 
VV. 0. Trevelyan, Cant. Portlock. — 
Geography. Cant. Washington. 
George Lloyd, M.D., H. E. Strickland, 
Charles Darwin. 

W. J. Hamilton, D. Milne, Hugh 
Murray, H. E. Strickland, John 
Scoular, M.D. 

W. J. Hamilton, Edward Moore,M.D., 
B. Hutton. 

E. W. Binney, R. Hutton, Dr. R, 
Lloyd, H. E. Strickland. 

Francis M. Jennings, H. E. Strick- 
land. 

Prof. Ansted, E. H. Bunbury. 

Rev. J. C. Gumming, A. C. Ramsay, 
Rev. W. Thorp. 

Robert A. Austen, J. H. Norton, M.D., 
Prof. Oldham. — Geography. Dr. C. 
T. Beke. 

Prof. Ansted, Prof. Oldham, A. C, 
Ramsay, J. Raskin. 

Starling Benson, Prof. Oldham, Prof. 
Ramsay. 

J. Beete Jukes, Prof. Oldliam, Prof. 
A. C. Ramsay. 

A. Keith Johnston, Hugh Miller, Pro- 
fessor Nicol. 


SECTION c {continued). — geology. 


1851. Ipswich ... 

William Hopkins, M.A., F.R.S... 

1852. Belfast 

Lieut.-Col. Portlock, R.E., F.R.S. 

1853. Hull 

1854. Liverpool . . 

Prof. Sedgwick, F.R.S 

Prof. Edward Forbes, F.R.S. . . . 

1855. Glasgow ... 

Sir R. I. Murchison, F.R.S 

1856. Cheltenham 

Prof. A. C. Ramsay, F.R.S 

1857. Dublin 

The Lord Talbot de Malahide ... 

1858. Leeds 

1859. Aberdeen ... 

1860. Oxford 

William Hopkins, M.A., LL.D., 
F.R.S. 

Sir Charles Lyell, LL.D., D.C.L., 
F.R.S. 

Rev. Prof. Sedgwick, LL.D., 
F.R.S., F.G.S. 


C. J. F. Bunbury, G. W. Ormerod, 
Searles Wood. 

James Bryce, James MacAdam, Prof. 

M‘Coy, Prof. Nicol. 

Prof. Harkness, William Lawton. 
John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 
James Bryce, Prof. Harkness, Prof. 
Nicol. 

Rev. P. B. Brodie, Rev. R. Hepworth, 
Edward Hull, J. Scougall,T. Wright. 
Prof. Harkness, Gilbert Sanders, Ro- 
bert H. Scott. 

Prof. Nicol, H. C. Sorby, E. W. 
Shaw. 

Prof. Harkness, Rev. J. Longmuir, H. 
C. Sorby. 

Prof. Harkness, Edward Hull, Capt. 
WoodaU. 


* At a Meeting of the General Committee held in 1860, it was resolved “That tho^ 
subject of Geography be separated from Geology and combined with Ethnology, to const! 
tute a separate Section, under the title of the “ Geographical and Ethnologic^ Section, '- 
for^Presidents and Secretaries of which see page xxxvii. 
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EEPOET — 1876 - 


Date and Plaoe. Presidents. Secretaries. 

1861. Manchester Sir B. I. Murchison, B.C.L., Prof. Harkness, Edward Hull, T. Bu- 
LL.D., F.E.S., &c. pert Jones, G. W. Ormerod. 

18G2. Cambridge J. Boete Jukes, M.A., F.B.S Lucas Barrett, Prof. T. Bupert Jones, 

H. C. Borhj. 

1863. Newcastle ... Prof. Warington W. Smyth, E. F. Boyd, John Daglisb, H. C. Sor- 

F.B.S., F.C.S. by, Thomas Sopwitfi. 

1864. Bath Prof. J. Phillips, LL.D,, F.B.S., W. B. Dawkins, J. Johnston, H. C. 

F.G.S. Sorby, W. PengeUy. 

1865. Birmingham SirB.I. Murchison, Bart., K.C.B. Rev. P. B. Brodie, J. Jones, Rev. E. 

^ers, H. 0. Sorby, W. Pengel^, 

1866. Nottingham Prof. A.C. Ramsay, LL.D., F.B.S. R. Etheridge, W. PengeUy, T. Wil- 

son, G. H. Wright. 

1867. Dundee Ai’cliibald Geikie, F.R.S., r.G.S. Edward Hull, W. PengeUy, Henry 

Woodward. 

1868. Norwich ... R. A. C. Godwin-Austen, F.R.S., Rev. O. Fisher, Rev. J. Gunn, W. 

F.G.S. PengeUy, Rev. II. H. Winwood. 

1869. Exeter Prof. R Harkncss, F.R.S., F.G.S. W. PengeUy, W. Boyd Dawkins, Rev. 

H. H. Winwood. 

1870. Liverpool... Sir Philip de M. Grey Egerton, W. PengeUy, Rev, H. H. Winwood, 

Bart., M.P., F.R.S. W. Boyd Dawkins, G. II. Morton. 

1871* Edinburgh .. Prof. A. Gcikio, F.R.S., F.G.S... R. Etheridge, J. Geikie, J. McKenny 

Hughes. L. C. Miall. 

1872. Brighton . . . R. A. C. Godwin-Austen, F.R.S. L. C. MiaU. George Scott, William 

Topley, Henry Woodward. 

1873. Bradford...Prof.J. Phillips, D.C.L.,r.R.S.,L. C. MiaU, R. H. Tiddeman, W. 

F.G.S. Topley. 

1874. Belfast Prof. Hull, M.A., F.R.S., F.G.S. F. Drew, L. C. MiaU, R. G. Symes, 

R. H. Tiddeman, 

1876. Bristol Dr. Thomas Wright, F.R.S.E., L. C. MiaU, E. B. Tawney, W. Topley. 

F.G.S. 


BIOLOGICAL SCIENCES. 

COMMITTUE OF SCIENCES, IV. — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P. B. Duncan, F.G.S Rev. Prof. J. S. Henslow. 

1833. Cambridge * Rev. W. L. P. Garnons, F.L.S... C. C. Babington, D. Don. 

1834. Edinburgh Prof. Graham W. Yarrell, Prof. Burnett. 

SECTION B. ZOOLOGY AND BOTANY. 

1835. DubUn Dr. Allman J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J. Curtis, Prof. Don, Dr, Riley, S, 

Rootsey. 

1837. Liverpool ... W. S. MacLeay C. C. Babington, Rev, L. Jenyns, W, 

Swainson. 

1838. Newcastle... Sir W. Jardine, Bart J.E. Gray, Prof. Jones, E. Owen, Dr. 

Richardson. 

1839. Brimingham Prof. Owen, F.R.S E, Forbes, W. Ick, R. Patterson, 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth. .. John Richardson, M.D., F.R.S. . . J. Couch, Dr. Lankester, R. Patterson. 

1842. Mancliester Hon. and Veiy Rev. W. Herbert, Dr. Lankester, R. Patterson, J. A. 

LL.D., F.L.S. Turner. 

1843. Cork WiUiam Thompson, F.L.S G. J. AUman, Dr. Lankester, R. Pat- 

terson. 

1844. York Very Rev. The Dean of Manches- Prof. AUman, H. Goodsir, Dr. Bing, 

ter. Dr. Lankester. 

1845. Cambridge Rev. Prof. Henslow, F.L.S Dr. Lankester, T. V. Wollaston. 

1846. Southampton Sir J. Richardson, M.D., F.B.S. Dr. Lankester, T. V. Wollaston, H. 

Wooldridge. 

1647. Oxford H. E. Strickland, M A., F.B.S.... Dr. Lankester, Dr, MelviUef T. V. 

WoUaston. 

* At this Meeting Physiologj^ and Anatomy were made a separate Committee, for 
Prowdents and S^reteries of which see xxxp, vi. 







PRESIDENTS AND SECItETAElEB OE THE SECTIONS* 




Bate and PlaoBf Presidents. 


SeeretariM* 


SECTION D { continued ), — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Phjrsiological Subsections 
and the temporary Section E of Anatomy and Medicine, see p. xxxyi.] 

1848. Swansea ... L. W. Dillwyn, F.E.S Dr. E. Wilbraham Falconer, A. Hen- 

frw, Dr. Lankester. 

1849. Birmingham William Spence, F.E.S Dr. Lankester, Dr. Eussell. 

1860. Edinburgh. . Prof. Goodsir, F.E.S. L. &E Prof. J. H. Bennett, M.D., Dr. Lan- 

kester, Dr. Doudas Maclagan. 

1861. Ipswich Eev. Prof. Henslow, M.A., F.E.S. Prof. Allman, F. W. Johnston, Dr. E. 

Lankester. 

1862. Belfast W. Ogilby Dr. Dickie, George 0. Hyndman, Dr. 

Edwin Lankester. 

1863. Hull C. C. Babington, M.A., F.E.S.... Robert Harrison, Dr. E. Lankester. 

1854. Liverpool ... Prof. Balfour, M.D., F.E.S Isaac Byerley, Dr. E. Lankester. 

1866. Glasgow ... Rev. Dr. Fleeming, F.E.S.E. ... William Eeddie, Dr. Lankester. 

1866. Cheltenham. Thomas Bell, F.E.S., Pres.L.S.... Dr. J. Abercrombie, Prof. Buckman 

Dr. Lankester. 

1867. Dublin Prof. W.H. Harvey, M.D.,F.E.S. Prof. J. R.Kinahan,Dr. E. Lankester, 

Robert Patterson, Dr. W. E. Steele. 

1858. Leeds C. C. Babington, M.A., F.E.S.... Henry Denn^ Dr. Heaton, Dr. E, 

Lankester, Dr. E. Perceval Wright. 
1869. Aberdeen ... Sir W. Jardine, Bart, F.E.S.E. . Prof. Dickie, M.D., Dr. E. Lankester, 

Dr. Ogilvy. 

1860. Oxford Rev. Prof. Henslow, F.L.S W. S. Church, Dr. E. Lankester, P. 

L. Sclater, Dr. E. Perceval Wri^t. 

1861. Manchester.. Prof. C. C. Babington, F.E.S. ... Dr. T. Alcock, Dr. E. Lankester, Dr, 

P. L. Sclater, Dr. E. P. Wright. 

1862. Cambridge... Prof. Huxley, F.E.S Alfred Newton, Dr. E. P. Wright. 

1803. Newcastle ... Prof. Balfour, M.D.,F.R.S Dr. E. Charlton, A, Newton, Eev. H* 

B. Tristram, Dr. E. P. Wright 

1864. Bath Dr. John E. Gray, F.E.S H. B. Brady, C. E. Broom, H. T. 

Stainton, Dr. E. P. Wright. 

1865. Birmingham T. Thomson, M.D., F.R.S Dr. J. Anthony, Eev. C. Clarke, Eev. 

H. B. Tristram, Dr. E. P. Wright 


SECTION D {continued), — biology*. 


1866. Nottingham . 

1867. Dundee 

1868. Norwich ... 

1869. Exeter 


Prof. Huxley, LL.D., F.E.S.— Dr. J. Beddard, W. Felldn, Bev. H, 
Physiologkal Defp, Prof. Hum- B. Tristram, W. Tuifner, E. 


nhry,M.D.,F.R,S. — Anthropo- Tylor, Dr. E. P. Wright. 
logical Dep. Alfred E. Wallace, 

F.E.G.S. 

Prof. Sharpey, M.D., Sec. E.S. — C. Spence Bate, Dr. S. Dr# 

Dep. of Zool. and Dot. George M. Foster, H. T. Stainton, Rev. H. 
Busk, M.D., F.E.S. B. Tristram, Prof. W. Turner. 

Eev. M. J. Berkeley, F.L.S.— Dr. T. S.Cobbold, G. W- Fir% % 
Dep. of Physiology. W* H. M. Foster, Prof. Lawio^, H. % 
Flower, F.R.S. Stainton, Eev. Dr. H. D. 

Dr. E. P. Wright. 

George Busk, F.R.S., F.L.S.— Dr. T. S. Cobbold, Prof. M. Foster, 
^ep. ofBot, and Zool. C. Spence M.D., E. Ray Lankester^ Professor 
Bate, F.E.S.-— of Mhno. Lawson, H. T. Stainton, 3|e?. H. 

E. B. Tylor. Tristraift. 


At a Meeting of the General Committee in 1865, it was rewire# >^“5^ ^ 
title of Section D be changed to Biology ; ” and ‘‘That for the word ‘ S i|»sectiQlL* P ffef 

foles for condnotiBg the business of the Sections, the word ‘ Pepartment ’ he s o haftiiteftf. , 

.. o 
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KEPOBT — 1876 . 


Date and Place. 


1870. Liverpool... 


1871. Edinburgh 


1872. Brighton ... 


1873. Bradford ... 


1874. Belfast 


1875. ^Bristol 


Presidents. 


Prof. G. RoUeston, M.A., M.D., 
F.R.S.,F.L.S. — Anat. and 
"PhysioL Prof. M. Poster, M.D., 
RL.S, — Bep. oj Ethno. J. 
Evans, F.R.S. 

Prof. Alien Thomson, M.D.,F.R.S. 
— Bep. of Bot. and Zoul. Prof. 
Wyville Thomson, F.R.S. — 
Bcp. of Atithropol. l^rof. W. 
Turner, M.D. 

Sir John Lubbock, Bart., F.R.S. 
— Bep. of Anat. and Physiol. 
Dr. Burdon Sanderson, F.R S. 
— Bep of Anthropol, Col. A. 
Lane Fox, F.G.S. 

Prof. Allman, F.R.S. — Bep. of 
Anat. and Physiol. Prof. Ru- 
therford, M.D. — Bep. of An- 
thropol. Dr. Beddoe, F.R.S. 
Prof. Redfern, M.D. — Bep. of 
Zool. and Bot. Dr. Hooker, 
C B., Pres. R.S.. — Bep. of An- 
thropol. Sir W. R.Wilde,M.D. 
P.L.Sclater,F.R.S. — B^. of Anat. 
andPhysiol. Prof.Cleland,M.D., 
F.R.S. — Bep. of Anthropol. Prof. 
RoUeston, M.D., F.R.S. 


Seoretaries. 


Dr. T. S. Oobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H, 
T. Stainton, Rev. H. B. iSristram, 
C. Staniland Wake, E. Ray Lan- 
kester. 

Dr. T. R. Fraser, Dr. Arthur Gamgee, 
E. Ray Lankester, Prof. Liwson, 
H. T. otainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelbume 
King. 

Prof. Thiselton-I^or, H. T. Stainton, 
Prof. Lawson, F. W. Rudler, J. II. 
Lamprey, Dr. Gamgee, E. Ray Lan- 
kester, Dr. Pye-Smith. 

Prof. Thiselton-Dyer, Prof. Lawson, 
R. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W, Rudler, J. 
H. Lamprey. 

W. T. Thiselton-Dyer, R. O. Cunning- 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye-Smith, J, J. Murphy, F. W. 
Rudler. 

E. R. Alston, Dr. McKendriek, Prof. 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smith, Dr. 
W. Spencer. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 


COMMITTEE OF SCIENCES, V. — ANATOMY AND PHYSIOLOGY. 

1833. Cambridge...|Dr. Haviland IDr. Bond, Mr. Paget. 

1834. Bdinburgh...lDr. Abercrombie )Dr. Roget, Dr. WUliam Thomson. 


SECTION E. (until 1847.) — ANATOMY AND MEDICINE. 


1835. Dublin Dr. Pritchard 

1886. Bristol Dr. Roget, F.R.S 

1837. Liverpool ...iProf. W. Clark, M,D 

1838. Newcastle ...jp. E. Hoadlam, M.D 

1839. Birmingham’ John Yelloly, M.D., F.R.S. 


1840. Glasgow 

1841. Plymouth . . , 

1842. Manchester . 

1843. Cork 

1844. York 


James Watson, M.D.. 

P. M. Roget, M.D., Sec.R.S. 

Edward Holme, M.D., F.L.S. 

Sir James Pitcairn, M.D 

J. C. Pritchard, M.D 


iDr. Harrison, Dr. Hart. 

. Dr. Symonds. 

Dr. J. Carson, jun., James Long, Dr. 
J. R. W. Vose. 

. T. M. Greenhow, Dr. J. R. W. Vose. 

. Dr. G. 0. Rees, F. Ryland. 

. Dr. J. Brown, Prof.Couper, Prof. Reid. 
.Dr. J. Butter, J. Fuge, Dr. R. S. 
Sargent. 

. Dr. Chaytor, Dr. R. S. Sargent. 

, Dr, John Popham, Dr. R. S. Sargent. 

, I. Erichsen, Dr. R. S. Sargent. 


SECTION E. PHYSIOLOGY. 


1845. Cambridge .1 

1846. Southampton 

1847. Oxford^^ ... 


[Prof. J. Haviland, M.D. . 
Prof. Owen, M.D., F.R.S,. 
Prof. Ogle, M.D.,F,R.S... 


Dr. R. S. Sargent, Dr. Webster. 

C. P. Keele, Dr. Laycock, Dr. Sargent. 
Dr. Thomas K. Chambers, W. P. 
Ormerod. 


PHYSIOLOGICAL SUBSECTIONS OP SECTION D. 


1850. Edinburgh 
1855. Glasgow .. 
1857. Dtthfin.... 


Prof. IBennett, 3I.D., F.R.S.E. 
Prof. ABen. Thomson, F,R.S. 
Prof. R. Harrison, M.D 


Prof. J. H. Corbett, Dr. J. Struthers. 
Dr. R. D. Lyons, Prof, Redfern. 


* By direction of the General Committee at Oxford, Sections D and E were inoorporatod 
under the name of “ Section D— Zoology and Botanv, including Physiology ” (see p. xxxiv). 
£Mion being then vacant was assigned in 1851 to Geography. 
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Date and Place. 

Presidents. 

Secretaries. 

1868. Leeds 

1869. Aberdeen ... 

1860. Oxford 

1861. Manchester. 

1862. Cambridge . 

1863. Newcastle... 

1864. Bath 

l866.Birminghm*. 

Sir Beniamin Brodie, Bart.,F.R.S. 
Prof. Snarpcw, M.D., Sec.R.S. ... 
Prof. G. Rolleston, M.D., F.L.S. 

Dr. John Davy, F.R.S.L. & E 

C. E. Paget, M.D. 

Prof. Rolleston, M.D., F.R.S. ... 
Dr. Edward Smith, LL.D., F.R.S. 
Prof. Acland, M.D., LL.D., F.R.S. 

C. G. Wheelhouse. 

Prof. Bennett, Prof. Redfem. 

Dr, R, M'Donnell, Dr. Edward Smith. 
Dr. W. Roberts, Dr. Edward Smith. . 
G. F. Helm, Dr. Edward Smith. 

Dr. D. Embleton, Dr. W. Turner. 

J. S. Bartrum, Dr. W. Turner. 

Dr. A. Fleming, Dr. P. Heslop, Oliver 

I Pembleton, Dr. W. Turner, 


GEOGKAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography preTions to 1851, see Section 0, p. xnii.] 


ETHNOLOGICAL SUBSECTIONS OF SECTION B. 


1846. Southampton 

1847. Oxford 

1848. Swansea . . . 

1849. Birmingham 

1850. Edinburgh.. 


Dr. Pritchard 

Prof, H. H. Wilson, MA. 


I Vice-Admiral Sir A, Malcolm 


Dr. King. 

Prof. Buckley. 

Q-. Grant Francis. 
Dr. R. G. Latham. 
Daniel Wilson. 


1851. Ipswich ... 

1852. Belfast 

1853. Hull 

1854. Liverpool... 

1855. Glasgow ... 
1866. Cheltenham 

1857. Dublin 

1858. Leeds 

1859. Aberdeen ... 

1860. Oxford 

1861. Manchester, 

1862. Cambridge . 

1863. Newcastle... 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 


SECTION E. — GEOGEAPHY AND ETHNOLOGY. 


Sir R, I. Murchison, F.R.S., Pres. 
R.G.S. 

Col. Chosney, R.A., D.C.L. 
F.R.S. 

R. G. Latham, M.D., F.R.S. .. 

Sir R. I. Murchison, D.C.L. 
r.R.s. 

Sir J, Richardson, M.D., F.R.S. 

Col. Sir H. C. Rawlinson, K.C.B 

Rev. Dr, J. HenthawnTodd, Pres 
R.I.A. 

Sir R. I. Murchison, G.C.StS. 
F.R.S. 

Rear-Admiral Sir James Clerl 
Ross, D.C.L., F.R.S. 

Sir R. I. Murchison, D.C.L. 
F.R.S. 

John Orawfurd, F.R.S 

Francis Galton, F.R.S 

Sir R. I. Murchison, K.C.B. 
F.R.S. 

Sir R. I. Murchison, K.C.B. 
F.R.S. 

Major-General Sir H. RawHnson 
M.P., K.O.B., F.R.S. 

Sir Charles Nicholson, Bart. 
LL.D. 

Sir Samuel Baker, P.R.G.S 

Capt.G.H.Richards,R.N.,F.R.S 


R. Cull, Rev. J. W. Donaldson, Dr. 
Norton Shaw. 

R. Cull, R. MacAdam, Dr. Norton 
Shaw. 

R. Cull, Rev. H. W. Kemp, Dr. Nor- 
ton Shaw. 

Richard Cull, Rev. H. Higgins, Dr. 

Ihne, Dr. Norton Shaw. 

Dr. W. G. Blackie, R. Cull, Dr. Nor- 
ton Shaw. 

R. Cull, F. D. Hartland, W.H.Rum- 
sey, Dr. Norton Shaw, 

R. Cull, S. Ferguson, Dr. R. R. Mad- 
den, Dr. Norton Shaw. 

R.Cull, Francis Galton, P.O’Calla^ghan, 
Dr. Norton Shaw, Thomas Wright. 
Richard Cull, Professor Geddes, Dr. 
Norton Shaw. 

Capt. Burrows, Dr. J. Hunt, Dr. C. 

Lempriere, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Norton 
Shaw, W. Spottiswoode. 

J. W. Clarke, Rev. J. Glover, Dr. 

Hunt, Dr. Norton Shaw, T. Wright. 
C. Carter Blake, Hume Greenfield, 

C. R. Markham, R. S. Watson. 

H. W. Bates, 0, R. Markham, Capt. 

R. M. Murchison, T. Wri^t. 

H. W. Bates, S. Evans, G. Jabet, 0. 

R. Markham, Thomas Wright. 

H. W. Bates, Rev. E. T. Cusins, R. 
H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

H. W. Bates, Cyril Graham, C. R. 

Markham, S. J. Maokie, R. Sturrook. 
T. Baines, H. W. Bates, C. R. Mark- 
ham, T. Wright. 


* Fide note on page xxxv. 
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Dftto and Pkee* Presidents. Secretaries. 


SECTION E {continued). — obogeapht. 

1869. Bieter Sir Bartle Prere, E.O.B., LL.D., H. W. Bates, Clements B. Markham, 

F.B.G.S. J. H, Thomas, 

ISTO. Iflverpool ... SirB. I. Murchison, Bt., K.C.B., H. W. Bates, Darid Buxton, Albert 
I 1 L.D., D.C.L., F.R.8., F.G.S. J. Mott, Clements B. Markham. 

1871. iCdinburgh, Colonel Yule, O.B., F.B.Q.S. ...Clements B. Markham, A. BUohan, 

J. H. Thomas, A. Keith Johnston. 

1872. Brighton ... Francis Galton, F.R.S II. W. Bates, A. Keith Johnston, Ber. 

J. Newton, J. H. Thomas. 

1873. Bradford ... Sir Rutherford Alcock, K.C.B.. .. H. W. Bates, A. Keith Johnston, Cle- 

ments B. Markham. 

3874. Belfast Mmor Wilson, E.E., F.B.S., E. G. Ravensteiii, B. C. Bye, J. H. 

F.E.G.S, Thomas. 

1875. Bristol Lieut. -General Strachey, B E., H. W. Bates, E, C. Bye, F. F. Tuckett. 

C.S.I., F.B.S., F.B.G.S., F.L.S., 

F.G.S. 

STATISTICAL SCIENCE. 

COMMITTEE OP SCIENCES, VI. — STATISTICS. 

1833. Cambridge .jProf. Babbage, F.R.S |J. E. Drinkwater. 

1834. Edinburgh .[Sir Charles Lemon, Bart |Dr. Cleland, C. Hope Maclean. 

SECTION P. STATISTICS 

1835. Dublin Charles Babbage, F.R.S, W. Greg, Prof. liongfiold. 

1886. Bristol Sir Charles Lemon, Bart., F.B.S. Bev. J. E. Bromby, C. B. Fripp, 

James Hey wood, 

1837. IilTerfmol... Rt. Hon. I^ord Sandon W. R. Greg, W. Langton, Dr. W. 0. 

T^ler. 

181^. Newcastle... Colonel Sykes, F.B.S W. Cfargill, J. Heywood, W. B. Wood. 

1839. Birmingham Henry Hallam, F.R.S F. Clarke, R. W. Bawson, Dr. W. C. 

Tayler, 

1840. Glasgow ...Rt. Hon. Lord Sandon, M.P., C. R. Baird, Prof. Ramsay, R. W. 

F.R.S. Bawson. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S Rer. Dr. Byrth, Bev. E. Luuey, B. 

W. Bawson. 

1842. Manchester . G, W. Wood, M.P., F.L.S Rct. R. Luney, G. W. Ormerod, Dr. 

W. C. Tayler. 

1843i Cork Sir C. Lemon, Bart, M.P Dr. D. Bullen, Dr. W. Cooke Tayler. 

1844. York Lieut.-Col. Sykes, F.B.S., F.L.S. J. Fletcher, J. Heywood, Dr. Laycock. 

1845. Cambridge . Rt.Hon. The Earl Fitz william... J. Fletcher, W. Cooke Tayler, HL.D. 

1846. Southampton G, R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dr. W. 

C. Tayler, Bey. T. L. Shapoott. 

1847. OxfoTd Travers Twiss, D.C.L., F.R.S. ... Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swimsea ... J. H. Vivian, M.P., F.B.S J. Fletcher, Capt R. Shortrede. 

1849^ Birmingham Bt. Hon. Lord lyttelton Dr. Finch, Prof. Hancock, F. G. P. 

Neison. 

1850. EdhibUrgh .. V^ Rev. Dr. John Lee, Prof, Hancock, J. Fletcher, Dr. J. 

V.P.R.S.B, Stark. 

1851. IplWioh. Sir John P. Boileau, Bart J. Fletcher, Prof. Hancock. 

1852. BbUhst His Grace the Archbishop ofProf. Hancock, Prof. Ingram, James 

Dublin. MacAdam, Jun. 

1858. Hhll James Hm^ood, M,P., F.E.8. ...Edward Cheshire, WUliam Newmarch. 

1854v MVerpool ... Thomas Tooke, F.R.S jB. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

1^>5. Glaiigow R. Moncktdh Milnes, M.P ' J. A. Campbell, E. Cheshire, W. New- 

! mardbi, Prof. B. H. Walsh. 

SECTION P (continued ). — economic science and statistics. 

18S6. Chelteuham [Bt Hon. Lord Stanley, M.P. . . . iBev, 0. H. Bromby, E. Cheshire, Dr.W. 

I I N. Hancock Newmarch, W. M. Tartt. 



PEESIBENTS AN0 8B0EETAEIES OP THE SECTIONS. 
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Date and Place. Presidents. Secretaries. 

1857. Dublin His Grace the Archbishop of Prof. Cairns, Dr. H. D. Hutton, W. 

Dublin, M.R.I.A. Newmarch. 

1858. Leeds Edward Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbourne, Dr. J. Strang. 

1859. Aberdeen . . . Col. Sykes, M.P., F.B.S Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

1800. Oxford ...... Nassau W. Senior, M.A Edmund Macrory, W. Newmarch, 

Rev. Prof. J. E. T. Rogers. 

1861. Manchester William Newmarch, F.R.S David Chadwick, Prof, R. C. Christie, 

E. Macrory, Rev. Prof. J. E. T. 
Rogers. 

1862. Cambridge. . Edwin Chadwick, C.B H. D. Macleod, Edmund Macrory. 

1863. Newcastle ... William Tite, M.P., P.R.S T. Doubleday, Edmund Macrory, 

Frederick Purdy, James Potts. 

1864. Bath William Farr, M.D., D.C.L., E. Macrory, E. T. Payne, F. Purdy. 

F.R.S. 

1865. Birmingham Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Johnston, 

M.P. E. Macrory. 

1866. Nottingham Prof. J. E. T. Rogers R. Birkin, Jun., Prof. Leone Levi, E. 

Macrory. 

1867. Dundee M. E. Grant Duff, M.P Prof. Leone Levi, E. Macrory, A. J. 

Warden. 

1868. Norwich ... Samuel Brown, Pres. Instit. Ac- Rev. W. C. Davie, Prof. Leone Levi. 

tuaries. 

1869. Exeter Rt. Hon. Sir Stafford H. North- Edmund Macrory, Frederick Purdy, 

cote, Bart., C.B., M.P. Charles T. D. Acland. 

1870. Liverpool... Prof. W. Stanley Jevons, M.A. ..Chas. R. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

1871. Edinburgh Rt. Hon. Lord Neaves J. G. Fitch, James Meikle. 

1872. Brighton ... Prof. Henry Fawcett, M.P.- J. G. Fitch, Barclay Phillips. 

1873. BriSford ... Rt. Hon. W. E. Forster, J. G. Fitch, Swire Smith. 

1874. Belfast Lord O’Hagan Prof. Donnell, Frank P. Fellows, 

Hans MacMordie. 

1875. Bristol James H^wood, M.A., F.R.S., F. P. Fellows, T. G. P. Hallett, E. 

Pres.S.S. Macrory. 

MECHANICAL SCIENCE. 

SECTION O. MECHANICAL SCIENCE. 

1836. Bristol Davies Gilbert, D.C.L., F.R.S.... T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool ... Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle ... Charles Babbage, F.R.S R. Hawthorn, C. Vi^oles, T. Webster. 

1839. Birmingham Prof. Willis, F.R.S., and Robert W. Carpmael, William Hawkes, Thp- 

Stephenson. mas Webster. 

1840. Glasgow ... Sir John Robinson J. Scott Russell, J. Thomson, J. Tod, 

C. Vignoles. 

1841. Plymouth... John Taylor, F.R.S Henry Chatfield, Thomas Webster. 

1842. Manchester. Rev. Prof. Willis, F.R.S J. F. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignoles. 

1843. Cork Prof. J. Macneill, M.R.I.A....... James Thomson, Robert Mallet. 

1844. York John T^lor, F.R.S Charles Vignoles, Thomas Webster, 

1845. Cambridge .. George Rennie, F.R.S Rev. W. T. Kingsley. 

1846. Southampton Rev. Prof. Willis, M.A., F.R.S. . William Betts, Jun., Charles Manby. 

1847. Oxford Rev. Prof. Walker, M.A., F.R.S. J. Glynn, B. A. Le Mesurier. 

1848. Swansea Rev. Prof. Walker, M.A., F.B.S. R. A. Le Mesurier, W. P. Struv6. 

1849. Birmingham Robert Stephenson, M.P., F.R.S. Charles Manby, W. P. Marshall. 

1850. Edinburgh .. Rev. Dr. Robinson Dr. Lees, David Stephenson. 

1861. Ipswich William Cubitt, F.R.S John Head, Charles Manby. 

1852. Belfast Jolm Walker, C.E.,LL.D.,F.R.S. John F. Bateman, C. B. Hancock. 

Charles Manlw, James Thomson. 

William Fairbaim, C.E., F,R.S.. James Oldham, J, Thomson, W. Sykes 

Ward, 


1863. Hull 
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Date and Place. 

1854. Lirerpool ... 
1865. Glasgow ... 

1856. Cheltexiliam 

1857. Dublin 

1858. Leeds 

1859. Aberdeen ... 

1860. Oxford 

1861. Manchester . 

1862. Cambridge .. 

1863. Newcastle ... 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford... 

1874. Belfast 

1875. Bristol 


Presidents. 


Secretaries, 


John Scott Bussell, F.B.S. 


John Grantham, J, Oldham, J. Thom- 


W. J. Macquorn Eankine, C.E., 

r.B.s. 

George Bennie, F.B.S | 

The Bight Hon. The Earl oi 
Bosse, F.B.S. 

William Fairbairn, F.B.S 

Bev. Prof. Willis, M.A., F.B.S. .| 

jProf. W. J. Macquorn Bankine, 
LL.D., F.B.S. 

Sj. F. Bateman, C.E., F.B.S 

William Fairbairn, LL.D.,F.B.S.| 
Bev. Prof. Willis, M.A., F.B.S. .] 

J. Hawkshaw, F.B.S 

Sir W. G. Aj'mstrong, LL.D.. 
F.B.S. 

Thomas Hawksley, V.P.Inst. 
C.E., F.G.S. 

iProf. W. J. Macquorn Bankine, 
LL.D.,F.E.S. 

|G. P. Bidder, C.E., F.B.G.S. ... 

C. W. Siemens, F.B.S 

Chas. B. Vignoles, C.E., r.B.S. 

Prof. Fleemlng Jenkin, F.B.S.... 

F. J. Bramwell, C.E 

jW. H. Barlow, F.B.S. 


Prof. James Thomson, LL.D., 
C.E., F.B.S.E. 

W. Froude, O.E., M.A., F.B.S.... 


L. Hill, Jun., William Bamsay, J, 
Thomson. 

|C. Atherton, B. Jones, Jun., H. M, 
JeflPery. 

4 Prof. Downing, W. T. Doyne, A. Tate 
James Thomson, Henry Wright. 

J. C. Dennis, J. Dixon, H. Wright. 
B. Abemethy, P. Le Neve Foster, H 
Wright. 

P, Le Neve Foster, Bev. F. Harrison, 
Henry Wright. 

IP. Le Neve Foster, John Bobinson, H. 
Wright. 

|W. M. Fawcett, P. Le Neve Foster. 

P. Le Neve Foster, P. Wcstmacott, J. 

F. Spencer. 

P. Le Neve Foster, Bobert Pitt. 

P. Le Nove Foster, Henry Lea, W. P. 

Marshall, Walter May. 

P. Le Neve Foster, J. F. Iselin, M. 

A. Tarbottom. 

P. Le Neve Foster, John P. Smith, 
W. W. Urquhart. 

P. Le Neve Foster, J. F. Iselin, 0. 

Manby, W. Smith. 

Ip. Le Neve Foster, H. Bauerman. 

|H. Bauerman, P. Le Neve Foster, T. 

King, J. N. Shoolbred. 

|H. Bauerman, Alexander Leslie, J. P, 
Smith. 

H. M. Brunei, P. Le Neve Foster, 
J. G. Gamble, J. N. Shoolbred. 
Crawford Barlow, H. Bauerman, S. 
H. Carbutt, J. C. Hawkshaw, J. N. 
Shoolbred. 

I A. T. Atchison, J, N. Shoolbred, John 
yth, jun. 

W. B. Browne, H. M. Brunei, J. G. 
Gamble, J. N. Shoolbred. 


List of Evening Lectures, 


Date and Place. 

Lecturer. 

Subject of Discourse. 

1842. Manchester . 

Charles Vignoles, F.B.S 

Sir M. I. Brunei 

The Principles and Construction of 
Atmospheric Bailways. 

The Thames Tunnel. 


1?,. T- Murchison 

GChe Geology of Bussia. 

The Dinomis of New Zealand. 

The Distribution of Animal Life in 
the JEgean Sea. 

The Ean of Bosse’s Telescope. 
Geology of North America. 

The Gigantic Tortoise of the Siwalik 
Hills m India. 

1843. Cork 

Prof. Owen, M.D., F.B.8 

Prof. E. Forbes, F.B.S 

Dr. Bobinson 

1844 York , 

Charles Lyell, F.B.S 

Dr. Falconer. F.B.S 
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Date and Place. 


Lecturer. 


Subject of Discourse. 


1845. Cambridge.. 

1 846. Southampton 
1846. Southampton 


G. B. Airy, F.E.S., Astron.Eoyal 

E. I. Murchison, F.E.S 

Prof. Owen, M.D., F.E.S 

Charles Lyell, F.E.S 

W. E. Grove, F.E.S 


1847. Oxford 

1848. Swansea ... 
1840. Birmingham 

1850. Edinburgh. 

1851. Ipswich 

1852. Belfast 

1853. HuU 

1854. Liverpool ... 

1855. Glasgow 

1856. Cheltenham 


Eev, Prof. B. Powell, F.E.S. ... 
Prof. M. Faraday, F.E.S 

Hugh E. Strickland, F.G.S, ... 
John Percy, M.D., F.E.S 

W. Carpenter, M.D., F.E.S. . . . 

Dr. Faraday, F.E.S 

Eev. Prof. Willis, M.A., F.E.S. 

Prof J. H. Bennett, M.D., 
F.E.S.E. 

Dr. Mantell, F.E.S 

Prof. E. Owen, M.D., F.E.S. 

G. B. Airy, F.E.S., Astron. E oyal 
Prof G.G. Stokes, D.C.L.,F.E.S. 

Colonel Portlock, E.E., F.E.S. 


Prof. J. Phillips, LL.D., F.E.S., 
F.GS. 

Eobert Hunt, F.E.S 

Prof. E. Owen, M.D., F.E.S. ... 
Col. E. Sabine, V.P.E.S 

Dr. W. B. Car^nter, F.E.S. ... 
Lieut.-Col. H. Eawlinson 

Col, Sir H. Eawlinson 


1867. Dublin 

1858. Leeds 

1859. Aberdeen ... 


W. E. Grove, F.E.S 

Prof. W. Thomson, F.E.S 

Eev. Dr. Livingstone, D.C.L. ... 
Prof. J. PhUlips, LL.D., F.E.S. 
Prof. E. Owen, M.D., F.E.S. ... 

Sir E. I. Murchison, D.C.L 

Eev. Dr. Eobinson, F.E.S 


1860, Oxford 

1861. Manchester . 

1862, Cambridge . 

1863. Newcastle- 

on-Tyne. 


Eev. Prof. Walker, F.E.S. ...... 

Captain Shcrard Osborn, E.N. . 
Prof. W. A. MUler, M.A., F.E.S. 
G. B. Airy, F.E.S., istron. Eoy. . 
Prof. Tyndall, LL.D., F.E.S. ... 

Prof. Odling, F.E.S. 

Prof, Williamson, F.E.S 


Process of Terrestrial Magnetism. 

Geology of Eussia. 

Fossil Mammalia of the British Isles. 

Valley and Delta of the' Mississippi. 

Properties of the Explosive substance 
discovered by Dr. Schonbein ; also 
some Eesearches of his own on the 
Decomposition of Water by Heat. 

Shooting-stars. 

Magnetic and Diamagnetic Pheno- 
mena. 

The Dodo {Didus ineptus). 

Metallurgical operations of Swansea 
and its neighbourhood. 

Eecent Microscopical Discoveries. 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying velocities on Eailways. 

Passage of the Blood through the 
minute vessels of Animals in con- 
nexion with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their changes of Form. 

Total Solar Eclipse of July 28, 1851, 

Eecent discoveries in the properties 
of Light. 

Eecent discovery of Eock-salt at Car- 
rickfergus, and geological and prac- 
tical considerations connected with it. 

Some peculiar phenomena in the Geo- 
logy and IWiysical Geography of 
Yorkshire. 

The present state of Photography, 

Anthropomorphous Apes. 

Progress of researches in Terrestrial 
Magnetism. 

Characters of Species. 

Assyrian and Babylonian Antiquities 
and Ethnology. 

Eecent discoveries in Assyria and 
Babylonia, with the results of Cunei- 
form research up to the present 
time. 

Correlation of Physical Forces. 

The Atlantic Telegmph. 

Eecent discoveries in Africa. 

The Ironstones of Yorkshire. 

The Fossil Mammalia of Australia. 

Geolo^ of the Northern Highlands. 

Electrical Discharges in highly rare- 
fied Media. 

Physical Constitution of the Sun. 

Arctic Discovery.^ 

Spectrum Analysis. 

The late Eclipse of the Sun. 

The Forms and Action of Water. 

Organic Chemisbw. 

The Chemistry of the Galvanic Bat- 
tery considered in relation to Dy- 
namics. 
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1863. Kewoaeile- James Glaisher, F.E.S The Balloon Ascents made for the 

on-T^e. British Association, 

1864. Bath Prof. Roscoo, F.E.S The Chemical Action of Light. 

Dr. Liviimstone, F.E.S Recent Travels in Africa. 

1866, Birmingham J. Beete Jukes, F.E.S Probabilities as to the position and 

extent of the Coal-measures beneath 
the red rocks of the Midland Coun- 
ties. 

1866. Nottingham, William Huggins, F.E.S The results of Spectrum Analysis 

applied to Heavenly Bodies. 

Dr. J. D. Hooker, F.R.S..,. Insular Floras. 

1867. Dundee Archibald Geikie, F.E.S The Geological origin of the present 

Scenery of Scotland. 

Alexander Herschel, F.E.AS. ... The pre'sent state of knowledge re- 
garding Meteors and Meteorites. 

1868. Norwich .... J. Fergusson, F.R.S Archaeology of the early Buddhist 

Monuments. 

Dr. W. Odling, F.R.S Reverse Chemical Actions. 

1869. Exeter Prof, J. Phillips, LL.D., F.E.S. Vesuvius. 

J. Norman Lockyer, F.R.S The Physical Constitution of the 

Stars and Nebulae. 

1870. liverpool ... Prof. J. Tyndall, LL.D., F.R.S. The Scientific Use of the Imagination. 

Prof. W. J. Macquorn Bankine, Stream-linesand Waves, in connexion 
LL.D., F.E.S. with Naval Architecture. 

1871 . Edinburgh F. A. Abel, F.E.S Some recent investigations and appli- 

cations of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitive to Modem 

Civilization. 

1872. Brighton . . . Prof. P. Martin Duncan, M.D., Insect Metamorphosis. 

F.E.S. 

Prof. W. K. Clifford The Aims and Instruments of Scien- 

tific Thought. 

1873. Bradford ... Prof. W. C. Williamson, F.R.S. Coal and Coal Plants. 

Prof. Clerk Maxwell, F.E.S Molecules. 

1874. Belfast ...... Sir J'ohn Lubbock, Bart., M.P., Common Wild Flowers considered in 

F.E.S. relation to Insects. 

Prof. Huxley, F.E.S The Hypothesis that Animals are 

Automata, and its History. 

1875. Bristol William Spottiswoode, LL.D., The Colours of Polarized Light. 

F.R,S, 

F. J. Bramwell, F.E.S Railway Safety Appliances. 


Lectures to the Operative Classes. 

1867. Dundee Prof. J. Tyndall, LL.D., F.E.S. Matter and Force. 

18^. Norwhi .... Prof. Huxley, LL.D., F.B.S. ... A piece of Chalk. 

18^. Exeter Prof, Miller, M.D., F.R.S Experimental illustrations of tlie 

modes of detecting the Composi- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

1870. lAvorpool ... Sir ffoBn Lubbock, Bart., M.P., Savages. 

F.R.S. 

1872. Brighton ... William Spottiswoode, LL.D., Sunshine, Sea, and Sky. 

F.R S 

1873. Bradford ... C. W* Siemens, D.C.L., F.E.S... Fuel. 

1874. Belfast ...... Professor Odling, F.E.8 The Disoove^ of Oxygen, 

1875. Brietol ...... Dr. W. B. Carpenter, F.R.S. ... A piece of Limestone, 
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at Annual Meetings of the Association, 


Attended by 

Amount 
received 
during the 
Meeting. 

Sums paid on 
Account of 
Grants for 
Scientific 
Purposes. 


Old 

Annual 

Members. 

New 

Annual 

Members. 

Associates. 

Ladies. 

Foreigners. 

Total. 








£ s.d. 

£ s. a. 




::: 

: 


353 

900 









1298 


20 0 0 









167 0 0 



... 


... 


1350 


434 14 0 







1840 


918 14 6 


... 



1100* 


2400 


956 12 2 


... 

... 



34 

1438 


1595 II 0 


... 

... 

... 

... 

40 

1353 


1546 16 4 


46 

317 


6o* 


891 


1235 


75 

376 

33+ 

33** 

28 

>3*5 


1449 17 8 


7* 

185 


160 

... 



1565 10 2 


45 

190 

9t 

260 

... 



981 12 8 


94 

22 

407 

172 


1079 


830 9 9 


65 

39 

270 

196 

36 

857 


685 16 0 


197 

40 

495 

203 

53 

1260 


208 5 4 


54 

25 

376 

197 

15 

929 

707 0 0 

175 I 8 



33 

447 

237 

22 

1071 

963 0 0 

159 19 6 


128 

42 

510 

273 

44 

1241 

1085 ^ ^ 

345 18 0 


61 

47 

244 

I4I 

37 

710 

620 0 0 

39* 9 7 


63 

60 

510 

292 

9 

1108 

iog5 0 0 

304 6 7 


56 

57 

367 

236 

6 

876 

903 0 0 

205 0 0 


IZI 

121 

765 

524 

10 

i802 

1882 0 0 

330 19 7 


142 

101 

1094 

543 

26 

2133 

2311 00 

480 16 4 


104 

48 

412 

346 

? 

1115 

1098 0 0 

734 13 9 


156 

120 

900 

569 

26 

2022 

2015 0 0 

507 15 3 


III 

9^ 

710 

509 

13 

1698 

1931 0 0 

618 18 2 


125 

179 

1206 

8zi 

22 

2564 

278a 0 0 

684 II X 


177 

59 
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99 
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85 
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93 
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* Ladies were not admitted by purchased Tickets until 1843. 
t Tickets for admission to Mions only, | Including Ladies. 
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OFPICEES OP SECTIONAL COMMITTEES PEESENT AT THE 
BKISTOL MEETING. 

SECTION A. MATHEMATICS AND PHYSICS, 

IVesedW. — ^Professor Balfour Stewart, M.A., LL.D., F.B.S. ^ « -r» a 

Rev. J. W. Oaldieott, D.D. ; Professor Cayley, ; Rot. &. 

J. Perry, F.E.S.; Professor Price, F.R.S. ; Professor H. J. S. Smith, I'.K.S.; 
W. Spottiswoode, F.R.S. ; Professor J. J. Sylvester, F.B.S. ; Sir \V. Thojpson, 
F.R.S. ; Professor Tyndall, F.B.S. t w t 

Secretaries , — Professor W. F. Barrett, F.R.S.E., M.R.I.A., 

Olaisher, M.A., F.B.S,, F.R.A.S. ; 0. T. Hudson, M. A., LL.I). ; G. F. Rodwell, 
P.R.A.S., F.O.S. 

SECTION B.— CHBMISTEY AND MINEBALOGY, INCLUDING THEIR APPLICATIONS TO 
AGRICULTURE AND THE ARTS. 

IHreeident, — A. G. Vernon Harcourt, M.A., F.B.S., F.O.S. .r. o c 
Vice-^lVesidents , — Professor Atkinson, F.O.S. ; Professor Debus, F.B.S. ; 

J. H. Gladstone, F.B.S. ; Dr. Longstaff; Professor N. Story Maskelyne, b.K.b. ; 
Alderman T. Proctor ; Professor W. J. Bussell, F.B.S. ; Professor Williamson, 
F B S 

&cretenW.— H. E. Armstrong, Ph.D., F.C.S.; W. Chandler Roberts, F.R.S.; 
William A. Tilden, D.Sc., F.C.S. 

SECTION C. GEOLOGY. 

President. — ^Dr. Thomas Wright, F.B.S.E., F.G.S. 

Vice-President8.^ThQ Earl of Ducie, F.B.S.; Sir Philip de M. Grey Egertom Bart., 
F.R. 8 .; The Earl of EnniskiUen, F.B.S.; B. A. 0. Godwm-Austin, » 

Sir W. V. Guise, Bart., F.G.S. ; Professor Darkness, F.B.b. ; Professor Hull, 

F.R. 8 . ; W, W'. Stoddart, F.G.S. ..v rr , tp n a 

8ecretarie6.^L. 0. MiaU, F.G.S. ; E. B. Tawney, F.G.S. ; W. Topley, F.G.S. 

SECTION D, BIOLOGY. 

P,esidetU.^P, L. Sclater, M.A., Ph.D., F.B.S., F.L.S. 4 at n 

Ftc«-B’«jMfewtfl.--Professor Cleland, M.D., F.B.S. ; Professor Bolles^n, M. A., M.D, 
F.R.S., F.L.S. ; Dr. AUman, F,B.S. ; Osbert Salvin, F.B.S. ; ^rofeQBox W.C. 
Williamson, F.R.S.; Professor Balfour, F.B.S. ; Colonel Lane Fox, J?.G.b.; 
Dr, Allen Thomson, F.R.S. ^ , 

Secr€tarie8.^E. R. Alston, F.Z.S. ; Dr. McKendrick; Professor W. B. MJNab, 
M.D.; Dr. Martyn; F. W. Budler, F.G.S.; Dr. P. H. Pye-Snuth. 

SECTION E. GEOGRAPHY AND ETHNOLOGY. ^ o -c^ T O 

Premdent . — ^Lieutenant-General Strachey, B.E., C.S.I., F.R.S., F.R.G.S., b.L.S., 
F G S 

Viee-J^eeidents . — Sir Rutherford Alcock, K.C.B.; Admiral Sir L. Belche^ K^.B., 
F.R. 8 ., F.B.G. 8 . ; Francis Galton, F.R.S., F.R.G.S. ; Major-General Sir H. 0. 
Eawlinson,K.C.B., D.O.L., LL.D., F.R.S., Pres.R.G.S. ; Bev. Professor Bawlm- 

son, M.A. ; Mwor Wilson, R.E., F.R.S., F.R.G.S. -n, v a i -i, • 

Becretarm.-^PLM, Bates, F.L.S., Assist Sec. B.G.S. ; E, C. Rye, F.Z.S., Librarian 

B. G.a; F. F. Tuckett, F.R.G.S. 

SECTION P. — ^ECONOMIC SCIENCE AND STATIflTIOS. 

Barnes Heywood, M. A., F.R.S., Pres. S.S. 

Viee-- Presidents . — Lori Aberdare ; Dr. Beddoe, F.B.S. ; 

M.P.; M.E. Grant Dulf, M.P.; W. Farr, M.D., F.B.S.; G. W. Hastings; 
JeromMurch; Eev. J. Percival, M.A., LL.D. ^ ^ . -r. 

Seeretarm^^P. P. Fellows, F.S.S., F. 8 .A.; T. G. P. Hallett, M.A. ; E. Macrory, 
M.A. 

SECTION G. — MECHANICAL SCIENCE. 

i¥fi«id!«»i<.--*William Froude, M.A., O.E., F.B.a iiriT?i 7 'pQ. Tamoo 

Viee-Preeidcnts,--m. H. Barlow, O.E., F.R.S. ; F. J. Bramwell, C.E., F^^. 
Brunlees,O.E.; P. le Neve Foster, M.A. ; Captam Douglas Galten,O.B.,F.K.S. 5 

C. W.Merrifield.F.B.S.; Lord Rayleigh, F.B.S. ; SirWilliam Thomson, LL.D., 

F.R.S. ; Edward Woods, C.E. ^ 

Secretaries. — W. R. &owne, M. A., O.E* 5 H. M. Brunei ; J, G. Gamble, B.A., O.E. j 
J. N. 8liGolb«©d;€.E., F.G.S. 
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Report of the Council for the Year 1874-75, presented to the General 
Committee at Bristol on Wednesday, August 2oth, 187 5. 

The Council have received Reports during the past year from the General 
Treasurer; and his Account for the year will be laid before the General 
Committee this day. 

The General Committee at Belfast referred the following four Resolutions 
to the Council for their consideration, and they beg to report their proceed- 
ings in each case : — 

First Resolution, — That the Council be requested to take such steps 
as they may deem expedient to urge upon the Government of India 
the desirableness of continuing Solar Observations in India.’’ 

The Council, having considered this Resolution, requested the President to 
embody their views in a Letter to the Government of India. The following 
is a copy of the letter to the Marquis of Salisbury : — 

“ British Association for the Advancement of Science, 
22 Albemarle Street, London, March 6, 1875. 

« My Lord, — By the desire of the General Committee and of the Council 
of the British Association, I beg to lay before your Lordship the accom- 
panying resolutions regarding the continuance of Solar Observations in 
India. 

‘^Researches of the character here contemplated are of comparatively 
recent date, and have been hitherto pursued with conspicuous ability by 
independent observers. They may be divided into three distinct groups : — 
namely, Sun-spot Periodicity ; the relation of that Periodicity to Terrestrial 
and Planetary phenomena ; and the Physical and Chemical changes of the 
sun’s visible surface. It is the opinion of the Council of the British Associa- 
tion that observations of the sun conducted under these three heads would 
furnish results of the highest scientific importance, and that India, presenting 
as it does every diversity of climate and of atmospheric condition, and every 
degree of elevation from the sea-level to the greatest mountain heights, is a 
field eminently suited to the successful prosecution of such observations. 

“The specific proposal which, on behalf of the British Association, I 
have the honour to submit for your Lordship’s consideration is, that the 
instruments recently supplied for the Observation of the Transit of Yenus 
should, now that they have served that purpose, be made to contribute to 
the equipment of a Physical Observatory to be established in the Himalayas, 
the Nielgherriea, or some other fit locality. These instruments are suitable 
for solar observations, and with the addition of a spectroscope and a few 
other minor adjuncts would suffice for the present. They would be ready to 
be brought into practical action the moment the necessary buildings, which 
might be of the simplest and most inexpensive character, are erected. 

“ But to extract from solar observations their full value it is necessary 
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that they should be continuous. No day ought to pass without observations 
of the solar surface. This can only be accomplished by establishing, in 
connexion with the principal observatory, stations in positions selected with 
the view of rendering it in the highest degree probable that at one or other 
of them favourable weather would always be found. When, therefore, the 
results obtained in the proposed observatory shall have justified the extension 
(and of such justification the Council entertain a confident hope), outlying 
stations may be added, provided with the moderate equipment needed to 
multiply the chances of that continuity of observation which it is so desirable 
to secure. 

“It is specially agreeable to me, personally, to have the privilege of 
bringing this important question under the notice of a nobleman whose 
scientific acquirements render unnecessary any lengthened argument to prove 
that the proposed observatory is likely to redound to the honour of England, 
and to materially assist in the advancement of Natural Knowledge. 

“ I have the honour to be, 

“ My Lord, 

“ Your most obedient Servant, 

“ John Txndail, 
President, 

“ The Most Honourable 

The Marquis of Salisbury, , . 

Secretary of State for IndiaP 

A copy of this Letter was forwarded to the Governor-General of India. 

The following reply has been received from the Secretary of State for 
India ; — 

“ India Office, Westminster, S.W., 
April 2, 1875. 

— I am directed by the Secretary of State for India in Council to 
acknowledge the receipt of your letter of the 5th March, setting forth the 
desirability of instituting continuous Solar Observations in India, and, in 
reply, to transmit to you a copy of a Despatch which his Lordship has 
addressed to the Government of India on the subject. 

I am, Sir, 

“ Your obedient Servant, 

“ Louis Mallet.’’ 

“ Professor Tyndall, F,R,S,^^ 


“ ‘ Geographical (Observatories), 

No. 16. 

Yb His HcecUmcy The Bight Honourable the Governor- General of India 
in CoundL 

* India Office, London, 
March 24, 1875. 

“‘My Lorb Para. 1. I have received and considered in Council your 

Excellency’s Despatch, dated 12th February (No. 2, Industry, Science, and 
Art), 1876, reporting your sanction of an arrangement by which Lieutenant- 
Colonel Tennant, with a small establishment, will be employed, during the 
year 1876-76, to make observations, at Eoorkee, of the sun and of Jupiter’s 
1875. 
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satellites, and to rednee tlie transit-observations. The instruments* for use 
at Boorkee will be ordered in this country, and sent out with as little delay 
as possible. 

** * 2. I observe that your Government, in sanctioning these arrangements, 
have declined to engage themselves to any thing further at present ; and 
that the suggested establishment of a solar observatory at Simla remains an 
open question for future consideration. 

3. I herewith transmit a copy of a letter, which I have received from the 
President of the British Association, on the importance of continuous Solar 
Observations in India ; and I would suggest for your consideration whether 
an observatory on an inexpensive scale might not usefully bo established at 
Simla after the ensuing year, with this object, for which spectroscopes only 
would be necessary, in addition to the instruments already at Boorkee. 

“ * I have the honour to be, 

‘‘ ‘ My Lord, 

“ ‘ Your Lordship’s most obedient humble Servant, 

(Signed) ‘ Saxisbuky.’ ’’ 

Second Resolution , — “ That the Council of the Association be requested 
to take such steps as they may think desirable with a view to promote 
the appointment of Naturalists to vessels engaged on the coasts of 
little-known parts of the world.” 

The Council drew up the following Letter, which was signed by the 
President, and forwarded to the Admirdty : — 

British Association for the Adyanoement of Science, 
22 Albemarle Street, London, March 9, 1875. 

“ SiE, — The Council of the British Association have had recently referred 
to them by the General Committee of the Association a question which in 
various forms has been already under their consideration — the importance, 
namely, of attaching Naturalists (that is to say, persons specially trained in 
Natural-history observation) to Surveying-ships generally, and more especially 
to those engaged in the survey of unfrequented or little-known regions. 

The Council have requested me to communicate to Her Majesty’s Govern- 
ment their conviction of the importance of making, wherever practicable, this 
addition to Surveying Expeditions. They believe that such action on the 
part of the Government would not only be of advantage to Science, but that 
it would be conducive to the commerci^ interests of the country to an extent 
far outbalancing the trifling outlay which such appointments would render 
necessary. 

“ We are here in reality only asking for a further application of the en- 
lightened policy which enabled the Government to utilize the talents of such 
men as Banks and Solander in the last century, and which has more recently 
given scope to the abilities of such men as Darwin, Hooker, and Huxley. 
Even in a commercial point of view the advantages which have flowed from 
this policy have been quite out of proportion to its cost to the country. 


A parallel wire micrometer 20 

Solar and etellar spectroeoopes 130 

Micrometer for meaeuring solar photographs ...... 60 


£200 
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“ The obvious desirability of associatiiig trained obaervers trith tho Surveys 
of the future is thus strengthened by the experience of the past. The Council 
of the British Association beg therefore to ufge upon the favourable con- 
sideration of Her Majesty's Government the question Submitted to them by 
the General Committee. 

“ I have the honour (fee.” 

Vernon Lushhigton, Esq,, Q,CJ^ 

The following reply has been received from the Admiralty : — 

“ Admiralty, 
March 29, 1875. 

SiE, — I am commanded by My Lords Commissioners of the Admiralty to 
thank you for your letter of the 9th instant, conveying the opinion expressed 
by the Committee of the British Association for the Advancement of Science 
as to the desirability of trained Naturalists being attached to all Surveying- 
vessels, more especially to those engaged in the survey of unfrequented 
regions. 

“ I am, Sir, 

“ Your obedient Servant, 

Roueet Hall.” 

“ The President of the British Association 

for the Advancement of Science, 

22 Albemarle Street, S, WP 

Third Resolution, — That the Council be requested to take such steps 
as they may think desirable with the view of promoting any applica- 
tion that may be made to Her Majesty’s.Govemment^by the Royal 
Society for a systematic Physical and Biological exploration of the 
seas around the British Isles.” 

The Council deferred the consideration of this Resolution until action be 
taken by the Royal Society. 

Fourth Resolution. — “ That the Council should take such steps as they 
may think desirable for supporting the request to Her Majesty's 
Government to undertake an Arctic Expedition on the basis proposed 
by the Council of the Royal Geographical Society at the beginning of 
the present year, which it is understood will be again made by that 
body.” 

The Council are glad to report that tho efforts of the Learned Societies to 
obtain a renewal of tho Exploration of the Polar Seas have been crowned 
with success ; the Expedition which has been despatched on this service has 
been furnished with the best-known appliances for the furtherance of the 
objects in view. 

The Council have added the following list of names of gentlemen present at 
tho last Meeting of the Association to the list of Corresponding Members : — 

M. A. Niaudet Breguet. Dr. Knoblauch. 

M. Ch. d' Almeida. Dr. G. Schweinfurth. 

Dr. W. P’eddersen. Professor Wiedemann. 

d2 
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The Council have been informed that the invitation to hold the Annual 
Meeting of the Association in 1877 at Plymouth will be renewed, and that 
an invitation for a future Meeting will be presented from Leeds. 

In accordance with the regulations adopted at the Belfast Meeting for the 
selection of Ordinary Members of Council, the Council append a list of the 
Members of the present Council who are not proposed for re-election for the 
ensuing year : — 

Dr. Beddoe. Mr. Sclater. 

Dr. Debus. General Strachey, 

Mr. Pitch. 


The Council recommend the re-election of the other Members of the Council, 
with the addition of the following gentlemen : — 

Mr. P. A. Abel. Professor A. Newton. 

Mr. John Evans. Professor Bolleston. 

Mr. J. Heywood. 


RECOMMEirDATIONS ADOPTED BY THE GeNERAL COMMITTEE AT THE BrISTOI 

Meeting in August 1875. 

[When Committees are appointed, the Member first named is regarded as the Secretary, 
except there is a specific nomination,] 

Involving Grants of Money, 

That the Committee, consisting of Professor Cayley, Professor G. G. Stokes, 
Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr. J. W. L. 
Glaisher (Secretary), be reappointed ; that the sum of £o9 4s. 2d. bo placed 
at their disposal as a final payment on account of expenses incurred in the 
calculation of the Elliptic Punctions, and that a further sum of £100 bo 
placed at the disposal of the Committee for the puqiose of continuing the 
printing of the tables of Elliptic Punctions. 

That the Committee on the Rainfall of the British Isles, consisting of Mr. 

C. Brooke, Mr. J. Glaisher, Mr. J. P. Bateman, Mr. T. Hawksley, Mr. G. J. 
Symons, Mr. C. TomKnson, Mr. Rogers Pield, the Earl of Rosse, and Mr. 
J. Smyth, Jun., be reappointed ; that Mr. G. J. Symons be the Secretary, 
and that the sum of £100. be placed at their disposal for the purpose, with 
the understanding that £60 is for completing the observations in Great 
Britain, and that £40 be devoted to observations in Ireland. 

That the Committee, consisting of Mr. James Glaisher, Mr. R, P. Greg, 
Mr. Charles Brooke, Dr. Plight, Professor G. Forbes, and Professor A, S. 
Herschel, on Luminous Meteors, be reappointed, and that a grant of £30 
be placed at their disposal. 

That the Committee, consisting of Professor Clerk Maxwell, Professor J. 

D. Everett, and Mr. A. Schuster, for testing experimentally the exactness 
of Ohm^s law, be reappointed, ajid that the grant of £50 which has lapsed 
be renewed. 

That the Committee, consisting of Professor Stokes, Dr. Dc La Rue, Pro- 
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fessor Clerk Maxwell, Mr. W. F. Barrett, Mr. Howard Grubb, Mr. G, John- 
stone Stoney, and Professor E. 8. Ball, for examining and reporting upon 
the reflective powers of silver, gold, and platinum, whether in mass or 
chemically deposited on glass, and of speculum metal, be reappointed, and 
that the grant of £20 which has lapsed be renewed. 

That the Committee on Thermo-Electricity, consisting of Professor Tait, 
Professor Tyndall, and Professor Balfour Stewart, be reappointed, and that 
the grant of £d0 which has lapsed be renewed. 

That Sir W. Thomson, Professor J. C. Adams, Rear-Admiral Richards, 
General Strachey, Mr. W. Parkes, Colonel Walker, Professor Guthrie, Mr. J. 
W. L. Glaisher, Mr. John Exley, Mr. J. N". 8choolbrcd, and Mr. J. R. N’apier, 
be appointed a Committee on Tides, and that the sum of £200 be placed 
at their disposal for completing and setting up in a locality in London, where 
it may be available for use. Sir William Thomson's Tide Calculating 
Machine. 

That Professors Roscoe, Balfour Stewart, and Thorpe be reappointed as a 
Committee for the purpose of determining the Specific Volumes of Liquids; 
that Dr. Thorpe be the Secretary, and that the sum of £25 be placed at their 
disposal for the purpose. 

That Dr. Armstrong, Professor Thorpe, and Mr. W. W. Fisher, be a Com- 
mittee for the purpose of investigating Isomeric Cresols, and the Law which 
governs Substitution in the Phenol Series ; that Dr. Armstrong be the Se- 
cretary, and that the sum of £10 be placed at their disposal for the purpose. 

That Mr. Frank Clow’es, B.Sc. and Dr. W. A. Tilden be a Committee for 
the purpose of examining the Action of Ethylbromo-butyrate on Ethyl Sod- 
aceto-acctatc ; that Mr. Clowes be the Secretary, and that the sum of £10 be 
placed at their disposal for the purpose. 

That Messrs. Allen, Dewar, Stanford, and Fletcher be a Committee for the 
purpose of examining and reporting upon the methods employed in the esti- 
mation of Potash and Phosphoric Acid in commercial products, and on the 
mode of stating the results ; that Mr. Allen be the Secretary, and that the 
sum of £20 be placed at their disposal for the purpose. 

That Sir John Lubbock, Bart., Professor Prestwich, Professor Busk, Pro- 
fessor Hughes, Professor W. Boyd Dawkins, Rev. H. W. Crosskey, Messrs. 
L. C. Miali and R. H. Tiddeman be a Committee for the purpose of assist- 
ing in the exploration of the Victoria Cave ; that Mr. Tiddeman be the Se- 
cretary, and that the sum of £100 be placed at their disposal for the pur- 
pose. 

That Messrs. J. Evans, W. Carruthers, F. Drew, R. Etheridge, Jun., A. 
H. Green, G. A. Lebour, L. C. Miall, H. A. Nicholson, W. Topley, and W. 
Whitaker be a Committee for the purpose of carrying on the Geological 
Record ; that Mr. Whitaker be the Secretary, and that the sum of £100 be 
placed at their disposal for the purpose. 

That Mr. J. Evans, Sir J. Lubbock, Bart,, Mr. E. Vivian, Mr. W. Pen- 
gelly, Mr. G. Busk, Professor W. Boyd Daw kins, Mr. W. Ashford Sanford, 
and Mr. J. E. Lee be a Committee for the purpose of continuing the ex- 
ploration of Kent’s Cavern, Torquay ; that Mr. Pengelly be the Sccretarj’, 
and that the sum of £100 be placed at their disposal for the purpose. 

That Professor A. S. Herschel and Mr. G. A. Lebour be reappointed a 
Committee for the purpose of making experiments on the Thermal Con- 
ductivities of certain rocks ; that Professor Herschel bo the Secretary, and 
that the sum of £10 be placed at their disposal for the purpose. 

That Professor Hull, Mr. E. W. Binncy, Mr. II. Howell, Mr, M. Reade, 
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Bev, H. W. Crosskey, Professor A. H. Green, Professor Harkness, Mr. W* 
Molyneux, Mr. G. H. Morton, Mr. Pengelly, Professor Prestwick, Mr. J, 
plant, Mr. W. Whitaker, Captain D. Galton, and Mr. De Ranee be reap- 
pointed a Committee for the purpose of investigating the circulation of the 
underground waters in the New Red Sandstone and Permian formations of 
England, and the quantity and character of the water supplied to various 
towns and districts &om those formations ; that Mr. C. E. Be Ranee be the 
Secretary, and that the sum of 410 be placed at their disposal for the pur- 
pose. 

That Br. Bryce, Mr. J. Brough, Mr. G. Eorbes, Mr. B. Milne-Home, Mr. 

Thomson, Professor Sir W, Thomson, and Mr. Peter Brummond be a 
Committee for the purpose of continuing the Observations and Records of 
Earthquakes in Scotland ; that Br. Bryce bo the Secretary, and that the sum 
of 420 be placed at their disposal for the purpose. 

That Mr. Sclater, Mr. Rye, and Mr. M^^Lachlan bo a Committee for the 
purpose of continuing the Zoological Record ; that Mr. Rye bo the Secretary, 
and that the sum of 4100 be placed at their disposal for the purpose. 

That Mr. Bresser, Mr. Barnes, Mr. Harlan d, Mr. Karting, Professor 
Newton, and Canon Tristram be reappointed a Committee for the purpose of 
considering the desirability of establishing a close time for the protection 
of indigenous animals ; that Mr. Bresser be the Secretary, and that the sura 
of 45 be placed at their disposal for the purpose. 

That Professor Balfour, Professor Bewar, and Br. M^Kendrick be a Com- 
mittee for the purpose of investigating the Physiological Action of Sound ; 
that Br, McRendrick be the Secretary, and that the sum of 425 be placed 
at their disposal for the purpose. 

That Professor Huxley, Mr. Sclater, Mr. E. M. Balfour, Br. M. Foster, Mr. 
Ray Lankester, and Mr. Bew-Smith (Secretary) be a Committee for the pur- 
pose of arranging with Br. Bohm for the occupation of a Table at the Zoo- 
logical Station at Naples during the ensuing year, in accordance with their 
Report ; that Mr. Bew-Smith be the Secretary, and that the sum of 475 be 
placed at their disposal for the purpose. 

That Br. Lauder Brunton and Br. Pyc-Smith be reappointed a Committee 
for the purpose of making physiological researches on the nature of Intes- 
tinal Secretions ; that Br. Brunton be the Secretary, and that the sum of 
420 be placed at their disposal for the purpose. 

That Colonel Lane Fox, Mr. John Evans, and Professor RoUeston be a 
Committee for the purpose of Prehistoric Explorations ; that Colonel Lane 
Fox be the Secretary, and that the sum of 425 be placed at their disposal for 
the purpose. 

That the Committee, consisting of Colonel Lane Fox, Br. Beddoe, Mr. 
Franks, Mr. F. Galton, Mr. E. W. Brabrook, Sir J. Lubbock, Sir W. Elliot, 
Mr. C. R. Markham, Mr. E. B. Tylor, Mr. J. Evans, and Mr. F. W. Rudler, 
be reappointed for the purpose of preparing and publishing brief forms of 
instruction for travellers, ethnologists, and other anthropological observers ; 
that Colonel Lane Fox be the Secretary, and that the sum of 425 be placed 
at their disposal for the purpose. 

That Br. Beddoe, Lord Aberdare, Br. Farr, Mr. Francis Galton, Sir Henry 
Eawlinson, Colonel Lane Fox, Mr. Rawson Rawson, Mr. James Hey wood, 
B|:. Professor RoUeston, Mr. Hallett, Mr. Fellows, and Professor 

Leone Lovi (with power to add to their number), be an Anthropometric 
Commit^ for the puipose of ooUecting observations on the Systematic Ex- 
amination of the Heights, Weights, aqd other physical characters of the 
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inhabitants of the British Isles ; that Mr. Francis Galton be the Secretary, 
and that the sum of <£100 bo placed at their disposal for the purpose. 

That the Committee on instruments for measuring the speed of ships be 
reappointed ; that it consist of the following Members : — ^Mr. W. Froude, Mr. 
F. J. Bramwell, Mr. A. E. Fletcher, liev. E. L. Berthon, Mr. James E. Napier, 
Mr. C. W. Merrifield, Br. C. W. Siemens, Mr. H. M. Brunei, Mr. W. Smith, 
Sir William Thomson, Mr. J. N. Shoolbrod, and Professor James Thomson ; 
that Mr. J. N. Shoolbred be the Secretary, and that the sum of <£50 be placed 
at their disposal for the purpose. 

That Mr. James R. Napier, Sir William Thomson, Mr. William Froude, 
and Professor Osborne Reynolds bo a Committee for the purpose of making 
experiments and of reporting on the effect of the propeller on the turning of 
Stcam-vosscls ; that Professor Osborne Reynolds be the Secretary, and that 
the sum of <£50 be placed at their disposal for the purpose. 


Applications for Reports and Researches not involving Grants of 

Money. 

That the Committee on Underground Temperature, consisting of Professor 
Everett (Secretary), Professor Sir W. Thomson, Professor J. Clerk Maxwell, 
Mr. G. J. Symons, Professor Ramsay, Professor Geikie, Mr. J. Glaisher, 
Mr. George Maw, Mr. Pengelly, Professor Edward Hull, Professor Ansted, 
Br. Clement Le Neve Foster, Professor A. S. Herschel, Mr. G. A. Lebour, 
Colonel Strange, and Mr, A. B. Wynne, be reappointed. 

That the Committee on the Magnetization of Iron, Nickel, and Cobalt, 
consisting of Professor Balfour Stewart, Professor Clerk Maxwell, Mr. H. A. 
Rowland, and Professor W. F. Barrett, be reappointed. 

That the Committee, consisting of Professor Sylvester, Professor Cayley, 
Professor Hirst, Rev. Professor Bartholomew Price, Professor H. .T. S. 
Smith, Br. Spottiswoode, Mr. R. B. Hayward, Br. Salmon, Rev. Professor R. 
Townsend, Professor Fuller, Professor XeUand, Mr. J. M. Wilson, Professor 
Henrici, Mr. J. W. L. Glaisher, and Professor Clifford, for considering the 
possibility of improving the methods of instruction in elementary geometry, 
bo reappointed, and that they be requested to consider the Syllabus drawn 
up by the Association for the Improvement of Geometrical Teaching, and 
report thereon. 

That the Committee, consisting of Br. Joule, Professor Sir W. Thomson, 
Professor Tait, Professor Balfour Stewart, and Professor J. Clerk Maxwell, 
for effecting the determination of the Mechanical Equivalent of Heat, be 
reappointed. 

That the Committee, consisting of Professor H. J. 8. Smith, Professor 
Clifford, Professor W. G. Adams, Professor Balfour Stewart, Mr. J. G. Fitch, 
Mr. George Griffith, Mr. Marshall Watts, Professor G. Carey Foster, Mr. W. 
F. Barrett, Professor Clerk Maxwell, and Mr. G. F. RodweU, for considering 
and reporting on the extent and method of Teaching Physics in Schools, be 
reappointed, and that Professor G. C. Foster be the Secretary. 

That Mr. Spottwoodo, Professor Stokes, Professor Cayley, Professor H. J, 
S. Smith, Sir W. Thomson, Professor Henrici, Lord Rayleigh, and Mr. J. W. 
L. Glaisher bo appointed a Committee to report on Mathematical Notation. 

That Mr. W. H. L. Russell be requested to continue his Report on Hyper- 
elliptic Functions. 

That Br. Atkinson, Professor Gladstone, and Mr. A. Vernon Harcourt, be 
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a Committee for tlie purpose of collecting and suggesting subjects for Che- 
mical Researches ; that Dr. Atkinson be the Secretary. 

That R. B. Grantham, C.E., F.G.S., Professor A. W. Williamson, F.R.S., 
Dr. Gilbert, F.R.S., Professor Corfield, M.D., F. J. Bramwell, C.E., F.ll.S., 
W. Hope, V.C., and J. W. Barry, C.E., be a Committee for the purpose of con- 
tinuing the investigations on the Treatment and Utilization of Sewage; that 
Dr. Corfield be the Secretary. 

That Professor Prestwich, Professor Harkness, Professor Hughes, Professor 
W. Boyd Dawkins, Rev. H. W. Crosskey, Messrs. L. C. Miall, G.H. Morton, 

D. Mackintosh, R. H. Tiddeman, J. E. Lee, T. Plant, W. Pengelly, and Dr. 
Deane be a Committee for the purpose of recording the position, height 
above the sea, lithological characters, size, and origin of the Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con- 
nected with the same, and taking measures for their preservation ; that the 
Rev. H. W. Crosskey be the Secretary. 

That Mr. Spence Bate be requested to continue his Report on our present 
knowledge of the Crustacea. 

That Mr. J. J. Hubbard, M.P., Mr. Chadwick, M.P., Mr. Morley, M.P., 
Dr. Farr, Mr. Hallett, Professor Jevons, Mr. Howmarch, Professor Leone 
Levi, Mr. Heywood, Mr. Shaen (with power to add to their number) bo a 
Committee for the purpose of considering and reporting on the practicability 
of adopting a Common Measure of Value in the Assessment of Direct Taxa- 
tion, Local and Imperial, and that Mr. Hallett be the Secretary. 

That the Committee, consisting of Lord Houghton, Professor Thorold 
Rogers, W. Newmarch, Professor Fawcett, M.P., Jacob Behrens, F. P. Fellows, 
R. H, Inglis Palgrave, Archibald Hamilton, Rev. Dr. Percival, Mr. F. 
Bcnnoch, Mr. T. Sopwith, F.R.S., Mr. Morley, M.P., and Mr. Chadwick, 

M. P., on Capital and Labour, be reappointed; that Professor Leone Levi 
be the Secretary. 

That the Metric Committee, consisting of James Heywood, M.A., F.R.S., 
Lord O’Hagan, Sir W. Armstrong, F.R.S., William Farr, M.D., D.C.L., 
F.R.S., John Beddoe, M.D., F.R.S., Dr. Mouat, P. Hallett, M.A., Professor 
Hennessy, F.R.S., W. P. Price, Rev. Dr. Percival, Frank P. Fellows, F.S.S., 
C. W. Siemens, F.R.S., Professor A. W. Williamson, F.R.S., and Professor 
Leone Levi, be reappointed for the purpose of reporting upon the best means 
of providing uniformity of weights and measures with reference to the in- 
terests of science ; that Professor Leone Levi be the Secretary. 

That the Committee, consisting of Professor Cayley, Mr. J. W. L. Glaisher, 
Dr. W. Pole, Mr. C. W. Merrifield, Professor Fuller, Mr. H. M. Brunei, and 
Professor W. K. Clifford, be reappointed to estimate the cost of constructing 
Mr. Babbage’s Analytical Engine, and to consider the advisability of printing 
tables by its means. 

That the Committee for the purpose of considering the use of steel for 
structural purposes be reappointed, consisting of Mr. W. Barlow, Mr. H. 
Bessemer, Mr. F. J. Bramwell, Captain Douglas Galton, Sir John Hawk- 
shaw. Dr. C. W. Siemens, Professor Abel, and Mr. E. H. Carbutt ; that Mr. 

E. H. Carbutt be the Secretary. 

That the Committee for consideiing and reporting upon British Measures, 
consisting of Mr. F. J. Bramwell, Mr. J. R. Napier, Mr. C. W. Merrifield, 
Sir John Hawkshaw, and Professor Osborne Reynolds, be reappointed. 

That Sir William Thomson, Major-General Strachey, Captain Douglas 
Galton, Mr. G. F. Deacon, Mr, Rogers Field, Mr. E. Roberts, and Mr. James 

N. Shoolbred be a Committee for the purpose of considering the Datum-level 
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of the Ordnance Survey of Great Britain, with a view to its estahlishinent on 
a surer foundation than hitherto, with power to communicate with the Go- 
vernment if necessary ; that Mr. James N. Shoolbred be the Secretary. 

Communkatiom ordered to he printed in extenso in the Annual Report of 
the Association, 

That Professor Cayley’s paper On the analytical forms called Trees, with 
application to the Theory of Chemical Combinations,” be printed in extenso 
in the Reports of the Association. 

That the paper of Professor Oshorno Reynolds “ On the Steering of Screw- 
steamers ” be printed in extenso in the Reports of the Association. 

That the paper of Mr. Thomas Howard “ On the River Avon ” be printed 
in extenso in the Proceedings of the Sections of the Association, together with 
the necessary Plates. 

That Mr. J. N. Shoolbred’s paper “ On the Half-tide Level at Liverpool ” 
bo printed in extenso in the Reports of the Association, together with the 
neccssaiy Plates. 

Resolutions referred to the Council for consideration and action if it seem, 

desirable. 

That the Council bo requested to consider the recommendations of the 
Reports of the Royal Commission on Scientific Instruction and the Advance- 
ment of Science, and to take such action thereupon as may seem to them 
best calculated to advance the interests of Natural Science. 

That the Council be requested to take such steps as they think suitable 
for renewing theii- representations to the Secretary of State for India, as to 
the importance of establishing an Observatory for Solar Physics in India, 
in conformity with the recommendations of the Royal Commissioners on 
Scientific Instruction and the Advancement of Science. 

That the Council be requested to consider and report upon the manner in 
which the Members of Committees and other Officers of the Association shall 
be selected, and whether Ladies shall be admitted to such offices, and if so, 
to what offices, and under what conditions. 

That the Council be requested to take into consideration the expediency of 
appointing Representatives to attend the International Statistical Congress, 
to be held at Buda-Pesth, in 1876. 
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Sympsis of Grants of Money appropriated to Scientific Pmpoaes by 
the General Committee at the Bristol Meeting in August 1875. 
The names of the Members who would be entitled to call on the 
General T'easurer for the respective Grants are prefixed. 


Mathematics and Physics, 

♦Cayley, Professor. — Printing Mathematical Tables .£159 4 2 

♦Brooke, Mr. — British Rainfall 100 0 0 

♦Glaisher, Mr. J. — Luminous Meteors 30 0 0 

♦Maxwell, Professor C. — Testing the Exactness of Ohm’s Law 50 0 0 

♦Stokes, Professor. — Reflective Power of Silver and other 

Substances 20 0 0 

♦Tait, Professor. — Thermo-Electricity (renewed) 50 0 0 

Thomson, Sir William. — Tide Calculating Machine 200 0 0 

Chemistry, 

♦Roscoe, Professor. — Specific Yolumes of Liquids 25 0 0 

♦Armstrong, Dr. — Isomeric Cresols and their Derivatives .... 10 0 0 

Clowes, Mr. — Action of Ethylbromo-butyrate on Ethyl Sod- 

aceto-acetate 10 0 0 

♦Allen, Mr. — Estimation of Potash and Phosphoric Acid .... 20 0 0 

Geology, 

♦Lubbock, Sir J. — Exploration of Yictoria Cave, Settle 100 0 0 

Evans, Mr. J. — Geological Record 100 0 *0 

Evans, Mr. J. — Kent’s Cavern Exploration 100 0 0 

♦Herschel, Professor. — Thermal Conducting-power of Rocks . . 10 0 0 

♦Hull, Professor. — Underground Waters in Now Red Sand- 

Stone and Permian 10 0 0 

♦Bryce, Dr. — Earthquakes in Scotland 20 0 0 

Biology, 

Sclater, Mr. — Zoological Record 100 0 0 

Dresser, Mr. — Indigenous Animals Close Time ” 5 0 0 

Balfour, Professor. — Physiological Action of Sound 25 0 0 

Huxley, Professor. — Table at the Zoological Station at Naples 75 0 0 

Carried forward £1219 4 2 


* Reappointed, 
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Brought forward ^1219 4 2 

'Brunton, Dr. — Tho Nature of Intestinal Secretion 20 0 0 

Fox, Col. Lane. — Prehistoric Explorations 25 0 0 

Eox, Col. Lane. — Forms of Instructions for Travellers 25 0 0 

Statistics and Ecommic Science. 

Beddoe, Dr. — Systematic Examination of Heights, Weights, 
of the Inhabitants of tho British Isles 100 0 0 

Mechanics. 

Froude, Mr. W. — Instruments for Measuring the Speed of 

Ships and Currents (renewed) 50 0 0 

Napier, Mr. J. B. — Effect of the Propeller on the turning of 

Steam-vessels 50 0 0 

Total.. ...£1489 4 2 

* Reappointed. 


The Annual Meeting in 1876. 

The Meeting at Glasgow will commence on Wednesday, September 6, 1876. 


Place of Meeting in 1877. 

The Annual Meeting of the Association in 1877 will be held at Plymouth. 
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General Statement of Sums which have been paid on Account of Grants 
for Scientific Purposes. 


£ 9. d. 

1834. 

Tide Discussions 20 0 0 

1835. 

Tide Discussions 02 0 0 

British Fossil Ichthyoloj^y 105 0 0 

jEIOT 0 0 


1836. 

Tide Discussions 103 0 0 

British Fossil Ichthyology 105 0 0 

Thermometric Observations, fiic, 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 9 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

18434 14 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterranean 

Temperature 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Baiometers 11 18 0 

£918 14 0 


1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations and 

Anemometer (construction) ... 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Substances 

(Preservation of) 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 0 6 

Education Committee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Subterranean Temperature 8 6 0 

Steam-vessels. 100 0 0 

Meteorological Committee 31 9 5 

Thermometers 16 4 0 

£956 12 2 


1839. 

Fossil Ichthyology 110 0 0 

Meteorological Observations at 

Plymouth 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 


£ 9, d. 

Meteorology and Subterranean 


Temperature.... 21 11 0 

Vitrification Experiments 9 4 7 

Cast-Iron Experiments 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam-vessels’ Engines 100 0 0 

Stars in Histoire Celeste 331 18 6 

Stars in Lacaille 11 0 0 

Stars in R.A.S. Catalogue 6 16 6 

Animal Secretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Oiganic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

£1595 11 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature 13 13 6 

Heart Experiments IS 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire C61este) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations 52 17 6 

Foreign Scientific Memoirs 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Magnetical Observations 185 13 9 

£1546 1^ 4 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 

Marine Zoology 15 12 0 

Skeleton Maps 20 0 8 

Mountain Barometers 6 18 6 

Stars (Histoire Cdlcste) 185 0 0 
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£ f. d. 

Stars rLacallle) 79 5 0 

Stars f Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re* 

duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 02 0 0 

Railway Sections 38 1 6 

Forms of Vessels 103 12 0 

Meteorological Observations at 

Plymouth 55 0 0 

Magnctical Observations 61 18 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Lekh 50 0 0 

Anemometer at Edinburgh 69 1 10 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

:i5123~5 10 11 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Brrtannioe 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ Engines... 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (Brit. Assoc. Cat. of) 110 0 0 

Railway Sections 161 10 0 

British Belemniles 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds 8 111 

Questions on Human Race 7 9 0 

dB1449 17 8 


1843. 

Revision of the Nomenclature of 

Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 

Anomalous Tides, Frith of Forth 120 0 0 

Hourly Meteorological Observa- 
tions at Kingussie and Inverness 77 12 8 

Meteorological Observations at 

Plymouth 55 0 0 

Whe well’s Meteorological Ane- 
mometer at Plymouth mimmm 10 0 0 


. d. 

Meteorological Observations, Os- 
ier’s Anemometer at Plymouth 20 0 0 
Reduction of Meteorological Ob- 
servations 30 0 0 

Meteorological Instruments and 

Gratuities 39 6 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recorder for Kew 

Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Hails of Railways 20 0 0 
Publication of Report on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 18 3 

Registration of Earthquake 

Shocks SO 0 0 

Report on Zoological Nomencla- 
ture 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds ...... 5 3 8 

Marine Testacea (Habits of) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on British 

Fossil Mammalia 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Experiments on the 

Forms of Vessels 100 0 0 

Reduction of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 
Materials 60 0 0 


£1565 10 2 

1844. 

Meteorological Observations at 

Kingussie and Inverness 12 0 0 

Completing Observations at Ply- 
mouth 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory. 117 17 3 

Instruments for Kew Observat ory 56 7 3 
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£ s. d. 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature in 

Ireland 5 0 0 

Coloured Drawings of Railway 

Sections 15 17 6 

Investigation of Fossil Fishes of 

the Lower Tertiary Strata ... 100 0 0 

Registering the Shocks of Earth- 
quakes 1842 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 

iEgean and Red Seas 1842 100 0 0 

Geographical Distributions of 

Marine Zoology 1842 10 0 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality of 

Seeds 9 0 3 

Experiments on the Vitality of 

Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on the 

Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and Morin*s 

Instrument 18 42 10 3 6 

.£981 12 1 


1845. 

Publication of the British Associa- 
tion Catalogue of Stars 351 14 0 

Meteorological Observations at 

Inverness 30 18 11 

Magnetic and Meteorological Co- 
operation 16 16 8 

Meteorological Instruments at 

Edinburgh IS 11 9 

Reduction of Anemomelrical Ob- 
servations at Plymouth 25 0 0 

Electrical Experiments at Kew 

Observatory 43 17 8 

Maintaining the Establishment in 

Kew Observatory 149 15 0 

For Kreil’s Barometrograph 23 0 0 

Gases from Iron Furnaces 50 0 0 

The Actinograph 15 0 0 

Microscopic Structure of Shells 20 0 0 

Exotic Anoplura 1843 10 0 0 

Vitality of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

Marine Zoology of Cornwall ... 10 0 0 

Physiological Action of Medicines 20 0 0 

Statistics of Sickness and Mor- 
tality in York 20 0 0 

EarthquAe Shocks 1843 15 14 8 

£830 9 9 


1846. 

British Association Catalogue of 

Stars 1844 211 15 0 

Fossil Fishes of the London Clay 100 0 0 



£ 


£ 

Computation of the Gaussian 




Constants for 1829 

50 

0 

0 

Maintaining the Establishment at 




Kew Observatory 

146 

16 

7 

Strength of Materials 

60 

0 

0 

Researches in Asphyxia 

6 

Id 

2 

Examination of Fossil Shells 

10 

0 

0 

Vitality of Seeds 1844 

2 

15 

10 

Vitality of Seeds 1845 

7 

12 

3 

Marine Zoology of Cornwall 

10 

0 

0 

Marine Zoology of Britain ...... 

10 

0 

0 

Exotic Anoplura 1 1844 

25 

0 

0 

Expenses attending Anemometers 

11 

7 

6 

Anemometers^ Repairs 

2 

3 

6 

Atmospheric Waves 

3 

3 

3 

Captive Balloons 1844 

8 

19 

3 

Varieties of the Human Race 




1844 

7 

6 

3 

Statistics of Sickness and Mor- 




tality in York 

12 

0 

0 

£685 

16 

0 

1847. 




Computation of the Gaussian 




Constants for 1829 

50 

0 

0 

Habits of Marine Animals 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Marine Zoology of Cornw'all 

10 

0 

0 

Atmospheric Waves 

6 

9 

3 

Vitality of Seeds * 

4 

7 

7 

Maintaining the Establishment at 




Kew Observatory 

107 

8 

6 

£208 

5 

4 


1848. 

Maintaining the Establishment at 

Kew Observutury 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogues of Stars 70 0 0 

On Colouring Matters 5 0 0 

On Grow' th of Plants l5 0 0 

£275 1 8 


1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants.. 5 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

Bill on account of Anemometrical 

Observations .. 13 9 0 

£159 19 6 

1850. ~ 

Maintaining the Establishment at 

Kew Observatory 255 18 0 

Transit of Earthquake Waves ... 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instruments, 

Azores 25 0 0 


£345 18 0 



OENEllAL SI^ATEMENT. 


Mi 

£ 9. d. 


£ s. d. 

1851. 

Maintaining the Establishment at 
Kew Observatory (includes pai t 

of grant in 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 

and Plants 5 0 0 

Vitality of Seeds 5 6 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 0 0 


£391 9 7 


1852. 

Maintaining the Establishment at 
Kew Observatory (including 
balance of grant for 1850) ... 233 17 8 

Experiments on the Conduction 

of Heat 5 2 9 

Influence of Solar Radiations ... 20 0 0 

Geological Map of Ireland 15 0 0 

Researches on the British Anne> 

lida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

£3 04 6 7 

1853. ^ 
Maintaining the Establishment at 

Kew Observatory 165 0 0 

Experiments on the Influence of 

Solar Radiation 15 0 0 

Researches on the Biitish Anne- 
lida 10 0 0 

Dredging on the East Coast of 

Scotland 10 0 0 

Ethnological Queries 5 0 0 


£205 0 0 


1854. 

Maintaining the Establishment at 
Kew Observatory (including 

balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

Biitish Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

~£380 19 7 

1855. ===== 
Maintaining the Establishment at 

Kew Observatory 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 11 

Map of the World 15 0 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 


£480 16 4 


1856. 

Maintaining the Establishment at 
Kew Observatory 


Strickland’s Ornithological Syno- 
nyms 100 0 0 

Dredging and Dredging Foi ms... 9 13 9 

Chemical Action of Light ......... 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical Pheno- 
mena 10 0 0 

Propagation of Salmon 10 0 0 

£734 13 9 

1857. 

Maintaining the Establishment at 

Kew Observatory 350 0 0 

Earthquake Wave Experiments. . 40 0 0 

Dredging near Belfast 10 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Investigations into the Mollusca 

of California 10 0 0 

Experiments on Flax 5 0 0 

Natural IlUtory of Madagascar. . 20 0 0 

Researches on British Annelida 25 0 0 

Report on Natural Products im- 
ported into Liverpool 10 0 0 

Artificial Propagation of Salmon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterranean 

Observations 5 7 4 

Life- Boats 5 0 0 

18507 15 4 

1858. 

Maintaining the Establishment at 

Kew Observatory 600 0 0 

Earthquake Wave Experiments.. 25 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Dredging near Dublin 6 0 0 

Vitality of Seeds 6 5 0 

Dredging near Belfast 18 13 2 

Report on the British Annclidd... 25 0 0 

Experiments on the production 
of Heat by Motion in Fluids ... 20 0 

Report on the Natural Products 

imported into Scotland 10 0 0 

£618 18 2 

1859. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Dredging near Dublin 15 0 0 

Osteology of Birds 50 0 0 

Iri^h Tunicata 5 0 0 

Manuie Experiments 20 0 0 

British Medusidie 5 0 0 

Dredging Committee 5 0 0 

Steam-vessels’ Performance 5 0 0 

Marine Fauna of South and West 

of Iieland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents. 89 11 0 

£684 11 1 

1860. 

Maintaining the Establishment 

of Kew Observatory 500 0 0 



Ixiv 


EEPOBT — 18 ? 5 , 


£ «. d. 

Inquiry into the Performance of 

Steam- vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemico-mechanical Analysis of 

Rocks and Minerals 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility of 

Salts 30 0 0 

Researches on the Constituents 

of Manures 25 0 0 

Balance of Captive Balloon Ac- 
counts 1 13 € 


;S1241 7 0 


1861. 

Maintaining the Establishment 
of Kew Observatory 

500 

0 

0 

Earthquake Experiments... 

25 

0 

0 

Dredging North and East Coasts 
of Scotland 

23 

0 

0 

Dredging Committee 

1860 *£50 0 01 

1861 £22 0 Oj 

Excavations at Dura Den 

72 

20 

0 

0 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam- vessel Performance 

150 

0 

0 

Fossils of Lesmahago 

15 

0 

0 

Explorations at Uriconium ...... 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classified Index to the Transac- 
tions 

100 

0 

0 

Dredging in the Mersey and Dee 

5 

0 

0 

Dip Circle 

30 

0 

0 

Photoheliographic Observations 

50 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

10 

0 

0 

Alpine Ascents 

6 

5 

1 

Consdtuents of Manures 

25 

0 

0 

£1111 

5 

10 

1862. 

Maintaining the Establishment 
of Kew Observatory 

500 

0 

0 

Patent Laws 

21 

6 

0 

Mollusca of N.-W, America 

10 

0 

0 

Natural History by Mercantile 
Marine 

5 

0 

0 

Tidal Observations 

25 

0 

0 

Photoheliometer at Kew 

40 

0 

0 

Photographic Pictures of the Sun 

150 

0 

0 

Rocks of Donegal 

25 

0 

0 

Dredging Durham and North- 
umberland 

25 

0 

0 

Connexion of Storms 

20 

0 

0 

Dredging North-east Coast of 
Scotland 

6 

9 

6 

Ravages of Teredo 

3 

11 

0 

Standards of Electrical Resistance 

50 

0 

0 

Railway Accidents 

10 

0 

0 

Balloon Committee 

200 

0 

0 

Dredging Dublin Bay 

10 

0 

0 

Dredging the Mersey 

5 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water, 

12 

10 

0 


£ 

Steamships* Performance 150 0 0 

Thermo-Electric Currents 5 0 0 

J ei298 10 0 

1863. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 

Entozoa.... 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland 50 0 0 

Dredging North-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 

Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Performance 100 0 0 

Bidloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Constructiou and distribu- 
tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoheliograph 100 0 0 

Thermo-Electricity 15 0 0 

Analysis of Rocks 8 0 0 

Hydroida 10 0 0 

£ 1608 3 10 

1864. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging Shetland 75 0 0 

Dredging Northumberland 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Resistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham's Gift 50 0 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee 5 0 0 

Rain-Gauges 19 15 8 

Cast-Iron Investigation 20 0 0 

Tidal Observations in the Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£ 1289 15 8 

1865. 


Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee 100 0 o 

Hydroida 13 0 0 
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£ 9. d, 

Rain-Gauges 30 0 0 

Tidal Observations in the Iluiuber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American MoUusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation 10 0 0 

Eurypterus 50 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches 150 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations ... 35 0 0 

Marine Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies in 

Water 100 0 0 

Bath Waters Analysis 8 10 0 

Luminous Meteors 40 0 0 


jei591 7 10 

1866. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-Bed 15 0 0 

Luminous Meteors 50 0 0 

Lingula Flags Excavation 20 0 0 

Chemical Constitution of Cast 

Iron 50 0 0 

Amyl Compounds 25 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent’s Hole Exploration 200 0 0 

Marine Fauna, &c., Devon and 

Cornwall 25 0 0 

Dredging Aberdeenshire Coast... 25 0 0 

Dredging Hebrides Coast 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies in 

Water 50 0 0 

Polycyanides of Organic Radi- 
cals 20 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania 50 0 0 

Didine Birds of Mascarene Islands 50 0 0 

Typical Crania Researches 30 0 0 

Palestine Exploration Fund 100 0 0 


£1750 13 4 


1867. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Meteorological Instruments, Pa- 
lestine 60 0 0 

Lunar Committee 120 0 0 

1875. 


£ 8. d. 

Metrical Committee 30 0 0 

Kent’s Hole Explorations 100 0 0 

Palestine Explorations 50 0 0 

Insect Fauna, Palestine ......... 30 0 0 

British Rainfall... 50 0 0 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf-Bed 25 0 0 

Luminous Meteors 50 0 0 

Bournemouth, &c. Leaf-Beds ... 30 0 0 

Dredging Shetland 75 0 0 

Steamship Reports Condensation 100 0 0 

Electrical Standards 100 0 0 

Ethyle and Methyle series 25 0 0 

Fossil Crustacea 25 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 75 0 0 

Do. Plant Beds ... 100 0 0 

Iron and Steel Manufacture ... 25 0 0 

Patent Laws 30 0 0 


£1739 4 0 

1868. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl series 25 0 0 

Mercury and Bile 25 0 0 

Organic remains in Limestone 

Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall ... 30 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Explorations 100 0 0 

Fossil Plora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Spectroscopic investigations of 

Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 
Fauna .100 0 0 

£1940 0 0 

1869. ===========^ 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 25 0 0 

British Rainfall 50 0 0 

Thermal Conductivity of Iron, 

&c 30 0 0 

Kent's Hole Explorations 150 0 0 

Steamship Performances 30 0 0 


Q 
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REPOKT — 1875 


£ 8. d. 

Chemical Constitution of Cast 


Iron 80 0 0 

Iron and Steel Manufacture ... 100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Rocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Ragshot Leaf-Beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Chemical Constitution and Phy- 
siological Action Relations .. . 15 0 0 

Mountain Limestone Fossils 25 0 0 

Utilization of Sewage 10 0 0 

Products of Digestion 10 0 0 


£1622 0 0 

1870. 

Maintaining the Establishment of 


Kew Observatory 600 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna ... 20 0 0 

Ears in Fishes 10 0 0 

Chemical nature of Cast Iron ... 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rainfall 100 0 0 

Thermal Conductivityof Iron &c. 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations 150 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-Beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Kiltorcan Quarries Fossils 20 0 0 

Mountain Limestone Fossils ... 25 0 0 

Utilization of Sewage 50 0 0 

Organic Chemical Compounds... 30 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of Heat 50 0 0 


£1572 0 0 


1871. 

Maintainingthe Establishment of 

Kew Observatory 600 0 0 

Monthly Reports of Progress in 

Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 0 

Tidal Observations 100 0 0 

Fossil Flora 25 0 0 


£ f. d. 

Luminous Meteors 30 0 0 

British Fossil Corals 25 0 0 

Heat in the Blood 7 2 6 

British Rainfall 60 0 0 

Kent’s Hole Explorations 150 0 0 

Fossil Crustacea 25 0 0 

Methyl Compounds 25 0 0 

Lunar Objects 20 0 0 

Fossil Corals Sections^ for Pho- 
tographing 20 0 0 

Bagshot Leaf-Beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 


£1472 2 6 

1872. ' 

Maintaining the Establishment of 

Kew Observatory 300 0 0 

Metrical Committee 75 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-Embryological Inquiries 10 0 0 

Kent’s Cavern Exploration 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta 25 0 0 

Lunar Objects 20 0 0 

Inverse Wave-Lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Antago- 
nism 10 0 0 

Essential Oils, Chemical Consti- 
tution, &c 40 0 0 

Mathematical Tables 50 0 0 

Thermal Conductivity of Meta ls 25 0 0 

£1285 00 

1873. 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

Sewage Committee 100 0 0 

Kent’s Cavern Exploration 150 0 0 

Carboniferous Corals 25 0 0 

Fossil Elephants 25 0 0 

Wave-Lengths 150 0 0 

British Rainfall 100 0 0 

Essential Oils 30 0 0 

Mathematical Tables 100 0 0 

Gaussian Constants 10 0 0 

Sub-Wealden Explorations 25 0 0 

Underground Temperature 150 0 0 

Settle Cave Exploration 50 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Rainfall 20 0 0 

Luminous Meteors 30 0 0 


£1685 0 0 



GENE 114 .L MEETINGS. Ixvii 


£ 8. d. 

1874. 

Zoolo^cal Record 300 0 0 

Chemistry Record 100 0 0 

Mathematical Tables 100 0 0 

Elliptic Functions 100 0 0 

Lightning Conductors 10 0 0 

Thermal Conductivity of Rocks 10 0 0 
Anthropological Instructions, 

Ac 50 0 0 

Rent’s Cavern Exploration ... 150 0 0 

Luminous Meteors 30 0 0 

Intestinal Secretions 15 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 

Sub-Wealden Explorations .. 25 0 0 

Settle Cave Exploration 50 0 0 

Mauritius Meteorological Re- 
search 100 0 0 

Magnetization of Iron 20 0 0 

Marine Organism. s 30 0 0 

Fossils, North-west of Scotland 2 10 0 
Physiological Action of Light. . 20 0 0 

Trades Unions 25 0 0 

Mountain-Limestone Corals ... 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts 28 5 0 

High tcmporiituro of Bodies ... 30 0 0 


£ s. d. 

Siemens’s Pyrometer 3 6 0 

Labyrinthodonts of Coal-Mea- 
sures 7 15 0 


£1151 16 0 

1875. 

Elliptic Functions 100 0 0 

Magnetization of Iron 20 0 0 

Bntish Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 

Specific Volume of Liquids ... 25 0 0 

Estimation of Potash and Phos- 
phoric Acid 10 0 0 

Isometric Cresols 20 0 0 

Sub-Wealdeii Explorations.. .. 100 0 0 

Kent’s Cavern Exploration 100 0 0 

Settle Cave Exploration 50 0 0 

Earthquakes in Scotland 15 0 0 

Underground Waters 10 0 0 

Development of Myxinoid 

Fishes 20 0 0 

Zoological Record 100 0 0 

Instructions for Travellers 20 0 0 

Intestinal Secretion 20 0 0 

Palestine Exploration 100 0 0 


£900 0 0 


General Meetings. 

On Wednesday, August 25, at 8 p.m., in the Colston Hall, Professor John 
Tyndall, D.C.L., LL.D., F.B.S,, President, resigned the office of President to 
Sir John HawkshaM^, C.E., F.R.S., F.G.S., who took the Chair, and delivered 
an Address, for w'hich see page Ixviii. 

On Thursday, August 20, at 8 p.m., a Soiree took place in the Colston 
Hall. 

On Friday, August 27, at 8.80 p.m., in the Colston Hall, W. Spottiswoode, 
Esq., M.A,, LL.I)., F.K.S., delivered a Discourse on “The Colours of 
Polarized Light.” 

On Saturday, August 28, at 7 p.m., in the Colston Hall, Dr. W. B . Car- 
penter, LL.D., F.R.S., delivered a Lecture, on “A Piece of Limestone,” to the 
Working Classes of Bristol, 

On Monday, August 80, at 8.30 p.m., in the Colston Hall, F. J. Bramwell, 
Esq., C.E., F.R.S., delivered a Discourse on “ Railway Safety Appliances.” 

On Tuesday, August 31, at 8 p.m., a Soiree took place in the Colston Hall. 

On Wednesday, Soptemhor I , at 2.80 p.m., the conclndiug General Meeting 
took place, when the Proceedings of the General Committee, and the Grants 
of Money for Scientific purposes, were explained to the Members, 

The Meeting was then adjourned to Glasgow*. 

* The Meeting is appointed to take place on Wednesday, September 6, 1876. 



ADDRESS 


OF 


SIR JOHN HAWKSHAW, C.E., F.R.S., F.Q.S., 

PRESIDENT. 


Gentlemen, — 

To those on whom the British Association confers the honour of presiding 
over its meetings, the choice of a subject presents some difficulty. 

The Presidents of Sections, at each annual meeting, give an account of 
what is new in their respective departments; and essays on science in 
general, though desirable and interesting in the earlier years of the Associa- 
tion, wodd be less appropriate to-day. 

Past Presidents have already discoursed on many subjects, on things 
organic and inorganic, on the mind and on things perhaps beyond the reach 
of mind ; and I have arrived at the conclusion that humbler themes will not 
be out of place on this occasion. 

I propose in this Address to say something of a profession to which my 
lifetime has been devoted — a theme which cannot perhaps bo expected to 
stand as high in your estimation as in my own, and I may have some 
difficulty in making it interesting ; but I have chosen it because it is a subject 
I ought to understand better than any other. I propose to say something on 
its origin, its work, and kindred topics. 

Rapid as has been the growth of knowledge and skill as applied to the art 
of the engineer during the last century, we must, if we would trace its origin, 
seek far back among the earliest evidences of civilization. 

In early times, when settled communities were few and isolated, the 
opportunities for the interchange of knowledge were scanty or wanting 
altogether. Often the slowly accumulated results of the experience of the 
wisest heads and the most skilful hands of a community were lost on its 
downfall. Inventions of one period were lost and found again. Many a 
patient investigator has puzzled his brain in trying to solve a problem which 
had yielded to a more fortunate labourer in the same field some centuries 
before. 
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The ancient Egyptians had a knowier |e oi Metallurgy, much of which was 
lost during the years of decline which followed the golden age of their civi- 
lization. The art of casting bronze over iron was knowm to the Assyrians, 
though it has only lately been introduced into modern metallurgy; and 
patents were granted in 1609 for processes connect^ with the manufacture 
of glass which had been practised centuries before An inventor in the 
reign of Tiberius devised a method of producing flexible glass; but the 
manufactory of the artist was totally destroyed, we are told, in order to 
prevent the manufacture of copper, silver, and gold from becoming depre- 
ciated f. 

Again and again engineers as well as others have made mistakes from not 
knowing what had been done by those who have gone before them. In the 
long discussion which took place as to the practicability of making the 
Suez Canal, an early objection was brought against it that there was a 
difference of 32| feet between the level of the Red Sea and that of tho 
Mediterranean, Laplace at once declared that such could not be the case, 
for the mean level of the sea was the same on all parts of the globe. 
Centuries before tho time of Laplace tho same objection had been raised 
to a project for joining the waters of these two seas. According to the 
old Greek and Roman historians, it was a fear of flooding Egypt with the 
waters of the Red Sea that made Darius, and in later times again Ptolemy, 
hesitate to open the canal between Suez and the NileJ, Yet this canal 
was made, and was in use some centuries before the time of Darius. 

Strabo § tells us that the same objection, that the adjoining seas were of 
different levels, was made by his engineers to Demetrius ||, who wished to 
cut a canal through the Isthmus of Corinth some two thousand years ago. 
But Strabo IT dismisses at once this idea of a difference of level, agreeing 
with. Archimedes that the force of gravity spreads the sea equally over the 
earth. 

When knowledge in its higher branches was confined to a few, those who 
possessed it were often called upon to perform many and various services for 
the communities to which they belonged ; and we find mathematicians and 
astronomers, painters and sculptors, and priests called upon to perform the 
duties which now pertain to the profession of the architect and the engineer. 
And as soon as civilization had advanced so far as to admit of the accumula- 
tion of wealth and power, then kings and rulers sought to add to their glory 
while living by the erection of magnificent dwelling-places, and to provide 
for their aggrandizement after death by the construction of costly tombs and 

* Layard's ‘Nineveh and Babylon,’ p. 191 ; Beckman’s 'History of Inventions,’ vol. ii. 

p. 85. 

t Pliny, Nat. Hist. bk. xnvi. cap. 66. * } Ibid. bk. vi. cap, 83, 

§ Strabo, cap. iii. § 11. || Demetrius L, King of Macedonia, died 2S3 r.c. 

% Strabo, cap. iii. § 12. 
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temples. Accordingly, we soon find men of ability and learning devoting a 
great part of tbeir time to building and arcbiteoture, and the post of 
architect became one of honour and profit. In one of the most ancient 
quarries of Egypt a royal high architect of the dynasty of the Psammetioi 
has left his pedigree sculptured on the rock, extending back for twenty-three 
generations, all of whom held the same post in succession in connexion with 
considerable sacerdotal offices 

As there were in these remote times officers whose duty it was to design 
and construct, so also there were those whoso duty it was to maintain and 
repair the royal palaces and temples. In Assyria, 700 years before our era, 
as we know from a tablet found in the palace of Sennacherib by Mr. Smith, 
there was an officer whoso title was the Muster of Works. The tablet I 
allude to is inscribed with a petition to the king from an officer in charge of 
a palace, requesting that the Master of Works may bo sent to attend to some 
repairs which were much needed at the time 

Under the Koman Empire there was almost as groat a division of labour 
in connexion with building and design as now exists. The great works of 
that period were executed and maintained by an army of officers and work- 
men, to each of whom special duties were assigned. 

Passing by those early attempts at design and construction which supplied 
the mere wants of the individual and the household, it is to the East that wo 
must turn if we would find the earliest works which display a knowledge of 
engineering. Whether the knowledge of engineering, if we may so call it, 
possessed by the people of Cbaldsca and Babylonia was of native growth or 
was borrowed from Eg 3 "pt is, perhaps, a question which cannot yet bo 
answered. Both people were agricultural, dwelling on fertile plains inter- 
sected by great rivers, with a soil requiring water only to enable it to bring 
forth inexhaustible crops. Similar circumstances would create similar wants, 
and stimulate to action similar faculties to satisfy them. Apart from tho 
question of priority of knowledge, we know that at a very early period, some 
four or five thousand years ago at least, there were men in Mesopotamia and 
Egypt who possessed considerable mechanical knowledge and no little skill 
in hydraulic engineering. Of the men themselves we know little : happily, 
works often remain when the names of those who conceived and executed 
them have long been forgotten. 

It has been said that architecture had its origin not only in nature, but in 
religion ; and if we regard the earliest works which required mechanical 
knowledge and skill, the same may be said of engineering. The largest 
stones were chosen for sacred buildings, that they might be more enduring 
as well as more imposing, thereby calling for improvement and invention of 
mechanical contrivances to assist in transporting and elevating them to the 

^ • Bifiooveries in Egypt, Ethiopia, by Br. Lepsius, 2nd edit. p. 318. 

t Smith’s {Or.) ‘ ABsyrian Bisooveriea,’ 2nd edit. p. 414. 
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positioa they were to occupy ; for the same reason the hardest and most 
costly materials were chosen, calling for further improvement in the metal 
forming the tools required to work them. Tho working of metals was 
further perfected in making images of the gods, and in adorning their shrines 
with the more precious and ornamental sorts. 

The earliest buildings of stone to which we can assign a date, with any 
approach to accuracy, are tho pyramids of Gizeh. To their builders they 
were sacred buildings, even more sacred than their temples or temple 
palaces. They wore built to preserve the royal remains, until, after a lapse 
of 3000 years, which we have reason to believe was the period assigned, the 
spirit which had once animated the body should reenter it*. Although 
built 5000 years ago, the masonry of tho Pyramids could not be surpassed in 
these days ; all those who have seen and examined them, as I myself have 
done, agree in this; moreover, the design is perfect for the purpose for 
which they were intended, above all to endure. The building of pyramids 
in Egypt continued for some ten centuries, and from 60 to 70 still remain ; 
but none are so admirably constructed as those of Qizeh. Still many 
contain enormous blocks of granite from 30 to 40 feet long, weighing more 
than 800 tons, and display the greatest ingenuity in the way in which the 
sepulchral chambers are constructed and concealed t. 

The genius for dealing with large masses in building did not pass away 
with tho pyramid- builders in Eg 3 ^pt; but their descendants continued to 
gain in mechanical knowledge, judging from tho enormous blocks which they 
handled with precision. When the command of human labour was unlimited, 
tho more transport of such blocks as the statue of Rameses the Great, for 
instance, which weighed over 800 tons, need not so greatly excite our 
wonder ; and we know how such blocks were moved from place to place, for 
it is shown on the wall-paintings of tombs of the period which still remain. 

But as the weight of tho mass to be moved is increased, it becomes no longer 
a mere question of providing force in the shape of human bone and muscle. 
In moving in the last century the block which now forms the base for the 
statue of Peter the Great at St. Petersburg, and which weighs 1200 tons, the 
necessary force could be applied, but great difficulty was experienced in sup- 
porting it, and the iron balls on whhffi it was proposed to roll the block along 
were crushed, and a harder metal had to be substituted J. To facilitate the 
transport of material, the Egyptians made solid causeways of granite from the 
Nile to tho Pyramids ; and in the opinion of Herodotus, who saw them, the 
causeways were more wonderful works than the Pyramids themselves §r 

^ FergusBon’s ‘History of -Irchitecture,’ vol. i. p. 83; Wilkinson’s ‘Ancient Egyptians/ 
2nd series, vol. ii. p. 444. 

t Vyse’s ‘ Pyramids of Qizeh/ vol. iii. pp. 16, 41, 45, 57. 

} Rondelet'fl ‘ Traits de I’Art de Batir/ vol. i. p. 73. 

I Herodotus, bk. ii. cap. 124. 
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The Egyptians have left no record of how they accomplished a far more 
difficult operation than the mere transport of weight — that is, how they 
erected obelisks weighing upwards of 400 tons. Some of these obelisks must 
have been lifted vertically to place them in position, as they were by Fontana 
in Rome in later times, when tho knowledge of mechanics, we know, was 
far advanced**^. 

The practice of using large blocks of stone either as monoliths or as forming 
parts of structures has existed from the earliest times in aU parts of tho 
world. 

The Peruvians used blocks weighing from 15 to 20 tons, and fitted them wih 
tho greatest nicety in their cleverly designed fortifications f. 

In India largo blocks were used in bridges when the repugnance of Indian 
builders to tho use of the arch rendered them necessary, or in temples, where, 
as in the Temple of tho Sun at Orissa, stones weighing from 20 to 30 tons 
form part of tho pyramidal roof at a height of from 70 to 80 feet from tho 
ground J. Even as late as the last century, Indians, without tho aid of 
machinery, were using blocks of grailite above 40 feet long for the door-posts 
of the gateway of Seringham, and roofing blocks of the same stone for a span 
of 21 feet§. 

At Persepolis, in the striking remains of the palaces of Xerxes and Darius, 
more than one traveller has noted the great size of the stones, some of which 
are stated to be 55 feet long and 6 to 10 feet broad. 

So in the Greek temples of Sicily, many of tho blocks in tho upper parts of 
the temples are from 10 to 20 tons weight. 

The Romans, though they did not commonly use such large stones in their 
own constructions, carried off tho largest obelisks from Egypt and erected 
them at Rome, where more are now to be found than remain in Egypt. In 
tho temples of Baalbek, erected under Roman rule, perhaps the largest 
stones are to bo found which have been used for building since the time of 
tho Pharaohs. The terrace wall of one of the temples is composed of three 
courses of stones, none of which are less than 30 feet long ; and one stone 
still lies in the quarry squared and ready for transport, which, is 70 feet long 
and 14 feet square, and weighs upwards of 1135 tons, or nearly as much as 
one of tho tubes of the Britannia Bridge. 

I have not mentioned dolmens and menhirs, rude unhewn stones often 
weighing from 30 to 40 tons, which are found from Ireland to India, and 
from Scandinavia to the Atlas, in Africa. To transport and erect such rude 
masses required little mechanical knowledge or skill, and the operation has 

* For the obelisk erected at Arles in the year 1676, see Eondelet’s ‘ L’Art de B4tir,* 
vol. i. p. 48. Its weight was nearly 200 tons, and it was suspended yertically by eight 
ships’ masts. 

t Fergusson’a * History of Architecture,’ vol. ii. p. 779 ; Squier, Peru, p. 24. 

t The temple of the Sun was built 1237-1282 A.n. (Hunter’s * Orissa,’ vol. i, pp. 288, 297). 

5 Fergusson’s * Bude Stone Monuments,* p. 96. 
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excited more wonder tlian it deserves. Moreover, Fergusson has gone far td 
show that the date assigned to many of them hitherto has been far too remote^ 
most, and possibly all, of those in northern and western Europe having been 
erected since the time of the Eoman occupation. And to this day the same 
author shows that menhirs, single stones often weighing over 20 tons, are 
erected by hill-tribes of India in close proximity to stone buildings of 
elaborate design and finished execution, erected by another race of men*. 

For whatever purpose these vast stones were selected (whether to enhance 
the value or to prolong the endurance of the buildings of which they formed 
a part), the tax on the ingenuity of those who moved and placed them must 
have tended to advance the knowledge of mechanical appliances. 

The ancient Assyrians and Egyptians had possibly more knowledge of 
mechanical appliances than they arc generally credited with. In the wall 
paintings and sculptures which show their mode of transporting large blocks 
of stone, the lover is the only mechanical power represented, and which they 
appear to have used in such operations ; nor ought we to expect to find any 
other used, for, where the supply of human labour was unlimited, the most 
expeditious mode of dragging a heavy weight along would bo by human power; 
to have applied pulleys and capstans, such as would now be employed in 
similar undertakings, would have been mere waste of time. In some countries, 
oven now, where manual labour is more plentiful than mechanical appliances, 
large numbers of men are employed to transport heavy weights, and do the 
work in less time than it could bo done with all our modern mechanical ap- 
pliances. In other operations, such as raising obelisks or the large stones 
used in their temple palaces, where human labour could not be applied to 
such advantage, it is quite possible that the Egyptians used mechanical aids* 
On one of the carved slabs' which formed part of the wall-paneUing of the 
palace of Sardanapalus, which was built about 930 years before our era, a 
single pulley is clearly shown, by which a man is in the act of raising a bucket 
— probably drawing water from a wellf. 

It has sometimes been questioned whether the Egyptians had a knowledge 
of steel. It seems unreasonable to deny them this knowledge. Iron was 
known at the earliest times of which we have any record. It is often men- 
tioned in the Bible and in Homer ; it is shown in the early paintings on tho 
walls of the tombs at Thebes, where butchers are represented as sharpening 
their knives on pieces of metal coloured blue, which were most probably pieces 
of steel Iron has been found in quantity in the ruined palaces of Assyria ; 
and in the inscriptions of that country fetters are spoken of as having been 
made of iron, which is also so mentioned in connexion with other metals as 
to lead to the supposition that it was regarded as a base and common metal. 

* Fergusson’s ‘Eude Stone Monuments,^ pp. 461-465. 

t Layard’s ‘Nineveh and its Remains/ vol. ii. p. 31. 

t Wilkinson’s ‘Ancient Egyptians/ vol. iii. p. 247. 
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MoreoTer, in the Great Pyramid a piece of iron was found in a place where 
it must have lain for 6000 years*. The tendency of iron to oxidiae must 
render its preservation for any long period rare and exceptional. The quality 
of iron which is now made by the native races of Africa and India is that 
which is known as wrought iron ; in ancient times, Dr, Percy says the iron 
which was made was always wrought iron. It is very nearly pure iron, and 
a very small addition of carbon would convert it into steel. Dr. Percy says 
the extraction of good malleable iron directly from the ore “ requires a degree 
of skill very far inferior to that which is implied in the manufacture of 
bronze And there is no great secret in making steel ; the natives of India 
now make excellent steel in the most primitive way, which they have prac- 
tised from time immemorial. When steel is to be made, the proportion of 
charcoal used with a given quantity of ore is somewhat larger, and the blast 
is applied more slowly than when wrought iron is the metal required 
Thus a vigorous native working the bellows of skin would make wrought iron 
where a lazy one would have made steel. The only apparatus required for 
the manufacture of the finest steel from iron ore is some clay for making a 
small furnace four feet high and from one to two broad, some charcoal for 
frel, and a skin with a bamboo tuyere for creating the blast. 

The supply of iron in India as early as the fourth and fifth centuries seems 
to have been unlimited. The iron pniar of Delhi is a remarkable Avork for 
such an early period. It is a single piece of wrought iron 50 feet in length, 
and it weighs not less than 17 tons§. How the Indians forged this large 
mass of iron and other heavy pieces which their distrust of the arch led them 
to use in the construction of roofs, we do not know, In the temples of Orissa 
iron was used in largo masses as beams or girders in roof- work in the 
thirteenth century ||. 

The influence of the discovery of iron on the progress of art and science 
cannot be over-estimated. India wcU repaid any advantage which she may 
have derived from the early civilized communities of the West if she wore tho 
first to supply them with iron and steel. 

An interesting social problem is afforded by a comparison of the relative 
conditions of India and this country at the present time. India, from thirty 
to forty centuries ago, was skilled in the manufacture of iron and cotton goods, 
monufretures which in less than a century have done so much for this country, 
It is true that in India coal is not so abundant or so universally distributed 
as in this country. Yet, if we look still further to tho East, China had pro- 
bably knowledge of the use of metals as soon as India, and, moreover, had a 

• Vyie’i ‘ Pyramids of Gizeb/ vol. i. p. 276. 

t Percy’s ‘ Iron and Steel,’ p. 873. * Ibid. p. 259. 

§ Fergusson’s ‘ History of Architecture/ vol. ii. p. 460 ; and ‘ Eude Stone Monuments/ 
pp. -^1-3. Cunningham’s ‘ Archaeological Survey of India,' vol. i. p. 169. 

I Hunter’s * Orissa/ vol. i. p. 298, 
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boundless store of iron and ooaL Baron Kichthofen, who has visited and de- 
scribed some of the coal-fields of China, believes that one province alone, that 
of Southern Shansi, could supply the world at its present rate of consumption 
for several thousand years. The coal is near the surface, and iron abounds 
with it. Marco Polo tells us that coal was universally used as fuel in the 
parts of China which ho visited towards the end of the fourteenth century, 
and from other sources wo have reason to believe it was used there as fuel 
2000 years ago. But what progress has China made in the last ten centuries ? 
A great future is undoubtedly in store for that country ; but can the race who 
now dwell there develop its resources, or must they await the aid of an Aryan 
race ? Or is any thing more necessary than a change of institutions, which 
might come unexpectedly, as in Japan ? 

The art of extracting metals from the ore was practised at a very early date 
in this country. The existence long ago of tin-mines in Cornwall, so often 
spoken of by classical writers, is well known to all. That iron was also ex- 
tracted from the ore by the ancient Britons is most probable, as it was largely 
used for many purposes by them before the Roman conquest. The Romans 
worked iron extensively in the Weald of Kent, as we assume from the large 
heaps of slag containing Roman coins which still remain there. The Romans 
always availed themselves of the mineral wealth of the countries which they 
conquered, and their mining-operations were often carried out on the largest 
scale, as in Spain, for instance, where as many as forty thousand miners were 
regularly employed in the mines at New Carthage*. 

Coal, which was used for ordinary purposes in England as early as the ninth 
century, does not appear to have been largely used for iron-smelting until the 
eighteenth century, though a patent was granted for smelting iron with coal 
in the year IGllf. The use of charcoal for that purpose was not given up 
until the beginning of this century, since which period an enormous increase 
in the mining and metallurgical industries has taken place ; the quantity of 
coal raised in the United Kingdom in 1873 having amounted to 127 million 
tons, and the quantity of pig iron to upwards of million tons. 

The early building energy of the world was chiefly spent on the erection of 
tombs, temples, and palaces. 

While in Egypt, as we have seen, the art of building in stone had 5000 
years ago reached the greatest perfection, so in Mesopotamia the art of build- 
ing with brick, the only available material in that country, was in on equally 
advanced state some ten centuries later. That buildings of such a material have 
lasted to this day shows how weU the work was done ; their ruinous condi- 
tion even now is owing to their having served as quarries for the last three 
or four thousand years, so that the name of Nebuchadnezzar, apparently one 
of the greatest builders of ancient times, is as common on the bricks of many 
modern towns in Persia as it was in old times in Babylon. The labour re- 

t Percy’s ‘ Iron and Steel,’ p. 882. 


* Strabo, bk, iii. cap. ii. § 10. 
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qiiired to construct the brick temples and palaces of Chaldaoa and Assyria must 
have been enormous. The mound of Koyunjik alone contained 14 i million 
tons, and represents the labour of 10,000 men for twelve years. The palace 
of Sennacherib, which stood on this mound, was probably the largest ever 
built by any one monarch, containing as it did more than two miles of walls, 
panelled with sculptured alabaster slabs, and twenty-seven portals, formed 
by colossal bulls and sphinxes*. 

The pyramidal temples of Chaldma are not less remarkable for the labour 
bestowed on them, and far surpass the buildings of Assyria in the excellence 
of their brickwork. 

The practice of building great pyramidal temples seems to have passed east- 
wards to India and Burmah, where it appears in buildings of a later date, in 
Buddhist topes and pagodas — marvels of skill in masonry, and far surpassing 
the old brick mounds of Chaldasa in richness of design and in workmanship. 
Even so late as this century a king of Burmah began to build a brick temple 
of the old t 3 pe, the largest building, according to Fergusson, which has been 
attempted since the P3Tamidst. 

The mere magnitude of many of these works is not so wonderful when wo 
take into account the abundance of labour which those rulers could com- 
mand. Countries were depopulated and their inhabitants carried off and 
made to labour for the conquerors. The inscriptions of Assyria describe 
minutely the spoils of war and the number of captives ; and in Egypt wo 
have frequent mention made of works being executed by the labour of captive 
peoples. Herodotus tells us that as many as 360,000 men were employed in 
building one palace for ScnnacheribJ. At the same time, it must not be 
forgotten that the very character of the multitude would demand from some 
one the skill and brain to organize and direct, to design and plan the work. 

It would be surprising if men who were capable of undertaking and suc- 
cessfully completing unproductive works of such magnitude did not also em- 
ploy their powers on works of a more useful class. Traces still remain of 
such works ; enough to show, when compared with the scanty records of the 
times which have come down to us, that the prosperity of such countries as 
Egypt and Mesopotamia was not whoUy dependent on war and conquest, but 
that the reverse was more likely the case, and that the natural capabilities of 
ihose countries were greatly enlarged by the construction of useful works of 
such magnitude as to equal, if not in some cases surpass, those of modern 
times. 

Egypt was probably for hotter irrigated in the days of the Pharaohs than 
it is now. To those unacquainted with the difficulties which must bo met 
with and overcome before a successful B 3 st€m of irrigation can bo carried 

* Layard’s ‘ Nineveh and Babylon/ p. 580. 
t Fergusson’s * History of Architecture/ vol. ii. p. 523, 

Bawlinson’s ‘ Herodotus/ vol. i. p. 389, 2nd edit. 
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out, even in countries in which the physical conditions are favourable, it 
may appear that nothing more is required than an adequate supply of un- 
skilled labour. Far more than this was required : the Egyptians had somo 
knowledge of surveying, for Eustathius says they recorded their marches on 
maps * * * § ; but such knowledge was probably in those days very limited, and 
it required no ordinary grasp of mind to see the utility of such extensive 
works as were carried out in Egypt and Mesopotamia, and, having seen the 
utility, to successfully design and execute them. To cite one in Egypt— 
Lake Mceris, of which the remains have been explored by M, Linant, was 
a reservoir made by one of the Pharaohs, ]and supplied by the flood- waters 
of the Nile. It was 150 square miles in extent, and was retained by a bank 
or dam 60 yards wide and 10 high, which can be traced for a distance of 
thirteen miles. This reservoir was capable of irrigating 1200 square miles 
of country t- No work of this class has been undertaken on so vast a scale 
since, even in these days of great works. 

The prosperity of Egypt was in so great a measure dependent on its great 
river, that we should expect that the Egyptians, a people so advanced in art 
and science, would at an early period have made themselves acquainted with 
its regime. We know that they carefully registered the height of the annual 
rise of its waters ; such registers still remain inscribed on the rocks on the 
banks of the Nile, with the name of the king in whoso reign they were 
made i. The people of Mesopotamia were equally observant of the regime of 
their groat rivers, and took advantage in designing their canals of the different 
periods in the rising of the waters of the Tigris and Euphrates. A special 
officer was appointed in Babylon, whose duty it was to measure the rise of tho 
river ; and ho is mentioned in an inscription found in tho ruins of that city, 
as recording the height of the water in the temple of Bel §. The Assyrians, 
who had a far more difficult country to deal with, owing to its rocky and 
uneven surface, showed even greater skill than the Babylonians in forming 
their canals, tunnelling through rock, and budding dams of masonry across 
the Euphrates. While tho greater number of those canals in Egypt and 
Mesopotamia were made for tho purpose of irrigation, others seem to have 
been made to serve at the same time for navigation. Such was tho canal 
which effected a junction between tho Mediterranean and tho Bed Sea, which 
was a remarkable work, having regard to the requirements of the age in which 
it was made. Its length was about 80 miles ; its width admitted of two 
triremes passing one another ||. At least one of the navigable canals of 
Babylonia, attributed to Nebuchadnezzar, can compare in extent with any 

* Kawlinson’s ‘ Herodotus,’ vol. ii. p. 278, 2nd edit. 

t M. Linant’s ‘M^moire sur lo lac Mceris.’ 

i Lepsius’s ‘ Discoveries in Egypt, &c.,’ p. 268. 

§ Smith’s ‘ Assyrian Discoveries,’ pp. 395-397, 2nd edit. 

II Herodotus, bk. ii. cap. clviii. 
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work of later times. I believe Sir H. Rawlinson has traced the canal to which 
I allude throughout the greater part of its course, from Hit on the Euphrates 
to the Persian Gulf, a distance of between four and five hundred miles*. It 
is a proof of the estimation in which such works were held in Babylonia and 
Assyria, that, among the titles of the god Vul were those of “ Lord of Canals ” 
and “ The Establisher of Irrigation Works '’t* 

The springs of knowledge which had flowed so long in Babylonia and 
Assyria were dried up at an early period. With the fall of Babylon and 
destruction of Nineveh the settled population of tho fertile plains around them 
disappeared ; and that which was desert before man led tho waters over it 
became desert again, afibrding a wide field for, and one well worthy of, tho 
labours of engineers to come. 

Such was not the case with Egypt. Long after the period of its greatest 
prosperity was reached, it remained tho fountain head from whence know- 
ledge flowed to Greece and Borne. The philosophers of Greece and those 
who, like Archimedes, were possessed of tho best mechanical knowledge of 
the time, repaired to Egypt to study and there obtained much of their 
knowledge. 

Greatly as Greece and Borne were indebted to Egypt, it will probably bo 
found, as the inscribed tablets met with in the mounds of Assyria and Chaldoca 
are deciphered, that the later civilizations owe, if not more, at least as much, 
to those countries as to Egypt. This is the opinion of Mr. Smith, who, in 
his work describing his recent interesting discoveries in tho East, says that 
the classical nations “ borrowed far more from the valley of the Euphrates 
than that of the Nile . 

In the science of astronomy, which in these days is making such marvel- 
lous discoveries, Chaldaea was undoubtedly preeminent. Among the many 
relics of those ancient peoples which Mr. Smith has recently brought to this 
country is a portion of a metal astrolabe from the palace of Sennacherib, and 
a tablet on which is recorded the division of the heavens according to tho 
four seasons, and the rule for regulating the intercalary month of the year. 
Not only did the Chaldeeans map out the heavens and arrange tho stars, but 
they traced the motion of the planets, and observed tho appearance of comets j 
they fixed the signs of the zodiac, and they studied tho sun and moon and the 
periods of eolip8e8§. 

But to return to that branch of knowledge to which I wish more particu- 
larly to draw your attention, as it grow and spread from East to West, from 
Asia over Europe. Of all nations of Europe, the Greeks wore most inti- 
mately connected with the civilization of tho East. A maritime people by 
the nature of the land they lived in, colonization followed as a matter of 

* Eawlinson’s ‘ Herodotus/ vol. i. p. 420, 2nd edit. 

t Ibid. p. 498. 

\ Smith’s (G.) ‘Assyrian Bisooveries/ p. 451, 2nd edit. § Ibid. 
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course on the tracks of their trading-ycssels ; and thus, more than any ether 
people, they helped to spread Eastern knowledge along the shores of the 
Mediterranean and throughout the south of Europe. 

The early constructive works of Greece, till about the seventh century u.o., 
form a strong contrast to those of its more prosperous days. Commonly 
called Pelasgian, they are more remarkable as engineering works than ad- 
mirable as those which followed them were for architectural beauty. Walls 
of huge unshapely stones (admirably fitted together, however), tunnels, and 
bridges characterize this period. In Greece, during the few and glorious 
centuries which followed, the one aim in all construction was to please the 
eye, to gratify the sense of beauty ; and in no age was that aim more tho- 
roughly and satisfactorily attained. 

In these days, when sanitary questions attract each year more attention, 
wo may call to mind that twenty-three centuries ago the city of Agrigentum 
possessed a system of sewers, which, on account of their large size, were 
thought worthy of mention by Diodorus*. This is not, however, the first 
record of towns being drained; the well-known Cloaca Maxima, which 
formed part of the drainage system of Rome, was built some two centuries 
earlier, and great vaulted drains passed beneath the palace mounds of unburnt 
brick at Nimroud and Babylon ; and possibly we owe the preservation of 
many of the interesting remains found in the brick mounds of Chaldma to 
the very elaborate system of pipe drainage discovered in them and described 
by Loftusf. 

Whilst Pelasgian art was being superseded in Greece, the city of Rome 
was founded in the eighth century before our era ; and Etruscan art in Italy, 
like the Pelasgian art in Greece, was slowly merged in that of an Aryan race. 
The Etruscans, like the Pelosgians and the old Egyptians, were Turanians, 
and remarkable for their purely constructive or engineering works. Their 
city walls far surpass those of any other ancient race, and their drainage 
works and tunnels are most remarkable. 

The only age which can compare with the present one in the rapid exten- 
sion of utilitarian works over the face of the civilized world is that during 
which the Romans, an Aryan race, os we are, wore in power. As Fergusson 
has said, the mission of the Aryan races appears to bo to pervade the world 
with useful and industrial arts. That the Romans adorned their bridges, 
their aqueducts, and their roads, that with a sound knowledge of construc- 
tion they frequently made it subservient to decoration, was partly owing to 
the mixture of Etruscan or Turanian blood in their veins, and partly to their 
great wealth, which made them disregard cost in their construction, and to 
their love of display. 

* Agrigentum was a celebrated Greek city, founded b.c, 582, population 200,000 
(Diodorus, 406 b.c.), drained by Pboeax, who lived b.c. 480. 

t Bawlinson’s ‘ i^ve Ancient Monarchies,' vol. i. pp. 89, 90, 2nd, edit 
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It would be impossibly for mo to do justice to ovon a small part of the 
engineering works which have survived fourteen centuries of strife, and 
remain to this day as monuments of the skill, tho energy, and ability of the 
great Boman people. Fortunately their works are more accessible than 
those of which I have hitherto spoken, and many of you are probably already 
familiar with them. 

Conquerors of tho gi’eater part of the civilized world, the admirable orga- 
nization of the Romans enabled them to make good use of the unbounded 
resources which were at their disposal. Yet, while the capital was enriched, 
the development of the resources of the moat distant provinces of the empire 
was never neglected. 

War, with all its attendant evils, has often indirectly benefited mankind. 
In the long sieges which took place during the old wars of Greece and Romo, 
the inventive power of man was taxed to tho utmost to provide machines for 
attack and defence. The ablest mathematicians and philosophers were 
pressed into the service, and helped to turn the scale in favour of their 
employers. Tho world has to regret the loss of more than ono, who, like 
Archimedes, fell slain by the soldiery while applying the best scientific know- 
ledge of the day to devising means of defence during the siege*. In these 
days, too, science owes much to the labours of engineers and able men, 
whose time is spent in making and improving guns, the materials composing 
them, and armour plates to resist them, or in studying tho motion of ships 
of war in a seaway. 

The necessity for roads and bridges for military purposes has led to their 
being made whore the necessary stimulus from other causes was wanting ; 
and so means of communication, and tho interchange of commodities, so 
essential to the prosperity of any community, have thus been provided. Such 
was the case under tho Roman Empire. So, too, in later times, the ambition 
of Napoleon covered France and tho countries subject to her with an admi- 
rable system of military roads. At tho same time, we must do Napoleon the 
justice of saying that his genius and foresight gave a great impetus to tho 
construction of all works favourable to commercial progress. So, again, in 
this country it was tho rebellion of 1745, and the want felt of roads for 
military purposes, which first led to tho construction of a system of roads in 
it unequalled since the time of the Roman occupation. And lastly, in India, 
in Germany, and in Russia, more than one example could be pointed out 
whore industry will benefit by railways which have originated in military 
precautions rather than in commercial requirements. 

But to return to Rome. Roads followed tho tracks of her legions into tho 
most distant provinces of the empire. Three hundred and seventy-two great 
roads are enumerated, together more than 48,000 miles in length, according 
to the itinerary of Antoninus. 

Tho water supply of Rome during the first century of our era would 

* Archimedes, u. o. 287-212 j killed at the siege of Syracuse by the Roman soldiers. 
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sufiico for a population of seven millions, supplied at tlie rate at which the 
present population of London is supplied. This water was conveyed to Rome 
by nine aqueducts ; and in later years the supply was increased by the con- 
struction of five more aqueducts. •Three of the old aqueducts have sufficed 
to supply the wants of the city in modern times. These aqueducts of Rome 
are to be numbered among her grandest engineering works Time will not 
admit of my saying any thing about her harbour works and bridges, her basi- 
licas and baths, and numerous other works in Europe, in Asia, and in Africa. 
Not only were these works executed in a substantial and perfect manner, but 
they wore maintained by an efficient staff of men divided into bodies, each 
having their special duties to perform. The highest offi cers of state superin- 
tended the construction of ^yorks, were proud to have their names associated 
with them, and constructed extensive works at their own expense. 

Progress in Europe stopped with the fall of the Roman Empire. In the 
fourth and succeeding centuries the barbarian hordes of Western Asia, people 
who felt no want of roads and bridges, swept over Europe to plunder and 
destroy. 

With the seventh century began the rise of the Mohammedan power, and 
a partial return to conditions apparently more favourable to the progress of 
industrial art, when widespread lands were again united under the sway of 
powerful rulerst . Science owes much to Arab scholars, who kept and handed 
on to us the knowledge acquired so slowly in ancient times, and much of 
which would have been lost but for them. Still, few useful works remain to 
mark the supremacy of the Mohammedan power at all comparable to those 
of the age which preceded its rise. 

A great building ago began in Europe in the tenth century, and lasted 
through the thirteenth. It was during this period that these great ecclesias- 
tical buildings were erected, which are not more remarkable for artistic ex- 
cellence than for boldness in design. 

While the building of cathedrals progressed on all sides in Europe, works 
of a utilitarian character, which concern the engineer, did not receive much 
encouragement, excepting perhaps in Italy. 

Prom the twelfth to the thirteenth centuries, with the revival of the arts 
and sciences in the Italian republics, many important works were undertaken 
for the improvement of the rivers and harbours of Italy. In 1481 canal-locks 
were first used; and some of the earliest of which we have record were 
erected by Leonardo da Yinci, who would be remembered as a skilful en- 
gineer had he not left other greater and more attractive works to claim the 
homage of posterity. 

* Total length 250 miles ; 50 on arches, 200 underground. 

t “ Under the last of the house of Ommiyah (760 a.d.) one command Was obeyed 
almost along the whole diameter of the known world, from the banks of the Sihon to the 
utmost promontory of Portugal.” — Halldm^s Middle Ages^ vol. ii. p. 120, 2nd edit. 

1875. f 
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The great use that has since been made of this simple means of transferring 
floating vessek from one water-level to another, in connexion not only with 
inland navigation, but in all the great ports and harbonrs of the world, renders 
it all the mmre deserving of remark. • 

In India, under the Moguls, irrigation works, for which they had a natural 
aptitude, -were carried on during these centuries with vigour, and more than 
one emperor is noted for the numerous great works of this nature which he 
carried out. If the native records can be trusted, the number of hydraulic 
works undertaken by some rulers is surprising. Tradition relates that one 
king who reigned in Orissa in the twelfth century made one million tanks or 
reservoirs, besides building sixty temples and erecting numerous other 
works*. , 

In India, the frequent overflow of the great rivers, and the periodical 
droughts, which rendered irrigation necessary, led to extensive protective 
works being undertaken at an early period ; but as these works have been 
maintained by successive rulers, Mogul and Mohammedan, until recent times, 
and have not been left for our inspection, deserted and useless for 3,000 years 
or more, as is often the case in Egypt and Mesopotamia, there is more diffi- 
culty in ascertaining the date of such works in India. 

Works of irrigation were among the earliest attempts at engineering under- 
taken by the least civilized inhabitants in all parts of the world. Even in 
Australia, where savages are found as low as any in the scale of civilization, 
traces of irrigation works have been found ; these works, however, must be 
taken to show that the natives were once somewhat more civilized than we 
now find them. In Eeejee, our new possession, the natives occasionally irri-p 
gate their land f, and have executed a work of a higher class, a canal some 
two miles long and sixty feet wide, to shorten the distance passed over by 
their canoes {. The natives of New Caledonia irrigate their fields with great 
skill §. In Peru, the Incas excelled in irrigation as in other great and useful 
works, and constructed most admirable underground conduits of masonry for 
the purpose of increasing the fertility of the land ||. 

It is frequently easier to lead water where it is wanted than to check its 
irruption into places where its presence is an evil, often a disaster. For 
oentui^es the existence of a large part of Holland has been dependent on the 
lEkill of man. How soon he began in that country to contest with the sea 
the possession of the land we do not know; but early in the twelfth century 
dykes were constructed to keep back the ocean. As the prosperity of the 
eountry increased with the great extension of its commerce, and land became 

♦ King Bhim Beo, A.D. ll74,fl0teinpleB, 10 bridgfeB, 40 Wells stotiO^ased, 152 landing- 
Stairjs, and one million tanks (Hunter’s ‘ Orissa,’ yoI. i. p. 100), 
t Brskine’s ‘Western Pacific/ p. 171. 

f Seeman, p. 82. | Krskine’s ‘Western Pacific/ p, 355. 

I Markham’s ‘Cieza^ (note), p* 286. 
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more valuable and neoesfi^ for an increasing population, very extensive 
works were undertaken. Land was reclaimed from the sea, canals were cut^ 
and machines were designed for lifting water. To the praotioal knowledge 
acquired by the Dutch, whose method of carrying out hydraulic works is 
original and of native growth, much of the knowledge of the present day in 
embanking, and draining, and canal-making is due. The l^orth-Holland 
Canal ♦ was the largest navigable canal in existence until the Suez Canal was 
completed ; and the Dutch have just now nearly finished making a sea-canal 
from Amsterdam to the North Sea, which, though not equal to the Suez Canal 
in length, will be as great in width and depth, and involves perhaps larger 
and more important works of art. This country was for many years beholden 
to the Dutch for help in carrying out hydraulic works. In the seventeenth 
century much fen land in the eastern counties was drained by Dutch labour, 
directed by Dutch engineers, among whom Sir Cornelius Vermuyden, an old 
campaigner of the Thirty Years’ War and a colonel of horse under Cromwell, 
is the most noted. 

While the Dutch were acquiring practical knowledge in dealing with 
water, and we in Britain among others were benefiting by their experience, 
the disastrous results which ensued from the inundations caused by the 
Italian rivers of the Alps gave a new importance to the science of hydraulics. 
Some of the greatest philosophers of the seventeenth century (among them 
Torricelli, a pupil of Galileo t) were called upon to advise and to superintend 
engineering works ; nor did they confine themselves to the construction of 
preventive works, but thoroughly investigated the conditions pertaining to fluids 
at rest or in motion, and gave to the world a valuable series ' of works on 
hydraulics and hydraulic engineering, which form the basis of our knowledge 
of these subjects at the present day. 

Some of the best scientific works (prior to the nineteenth century) oh 
engineering subjects we owe to Italian and French writers. The writings 
of Belidor, an officer of artillery in France in the seventeenth century, who 
did not, however, confine himself to military subjects, drew attention to 
engineering questions. Not long after their appearance, the Fonts et Chaus - 
sdes t were established, which has maintained ever since a body of able men 
specially educated for and devoted to the prosecution of industrial works. 

The impulse given to road-making in the early part of the last century 
soon extended to canals and means for facilitating locomotion and transport 
generally. Tramways were used in connexion with mines at least as early 
as the middle of the seventeenth century ; but the rails were, in those days, 
of wood. The first iron rails are said to have been laid in this country as 

* North-Holland Oanal, finished in 1825« 
t Galileo, b. 1664 ; Torricelli, b. 1606, 

{ Fonts et Ohauss^es, established 1720. 

/2 
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early as 1738, after which time their use was gradually extended, until it 
became general in mining-districts. 

By the beginning of this century the great ports of England were connected 
by a system of canals ; and new harbour works became necessary and were 
provided to accommodate the increase of commerce and trade, which improved 
means of internal transport had rendered possible. It was in the construction 
of these works that our Brindley and Smeaton, Telford and Rennie, and other 
engineers of their time did so much. 

But it was not until the steam-engine, improved and almost created by 
the illustrious Watt, became such a potent instrument, that engineering works 
iotlie extent they have since been carried out became possible or necessary. 
It gave mankind no new faculty ; but it at once set his other faculties on an 
eminence, from which the extent of his future operations became almost 
unlimited. 

Water-mills, wind-mills, and horse-machines were in most cases super- 
seded. Deep mines, before only accessible by adits and water-levels, could at 
once be reached with ease and economy. Lakes and fens which, but for the 
steam-engine, would have been left untouched, were drained and culti- 
vated. 

The slow and laborious toil of hands and fingers, bone and sinew, was turned 
to other employments, where, aided by ingenious mechanical contrivances, 
the produce of one pair of hands was multiplied a thousandfold, and their 
cunning extended until results marvellous, if you consider them, were attained. 
Since the time of Watt the steam-engine has exerted a power, made conquests, 
and increased and multiplied the material interests of this globe to an extent 
which it is scarcely possible to realize. 

But while Watt has gained a world-wide, well-earned fame, the names of 
those men who have provided the machines to utilize the energies of the steam- 
engine are too often forgotten. Of their inventions the majority of mankind 
know little. They worked silently at home, in the mill, or in the factory, 
observed by few. Indeed, in most cases, these silent workers had no wish to 
expose their work to public gaze. AVere it not so, the factory and the mill 
are not places where people go to take the air. How long in the silent night 
the inventors of these machines sat and pondered ; how often they had to cast 
aside some long-sought mechanical movement and seek another and a better 
arrangement of parts, none hut themselves could ever know. They were un- 
seen workers, who succeeded by rare genius, long patience, and indomitable 
perseverance. 

More ingenuity and creative mechanical genius is perhaps displayed in 
machines used for the manufacture of textile fabrics than by those used in any 
other industry. It was not until late in historical times that the manufacture 
of such fabrics became established on a large scale in Europe, Although in 
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China man was clothed in silk long ago, and although Confucius, in a work 
written 2,300 years ago, orders with the greatest minuteness the rules to he 
observed in the production and manufacture of silk, yet it was worth nearly 
its weight in gold in Europe in the time of Aurelian, whose empress had to 
forego the luxury of a silk gown on account of its cost*. Through Constan- 
tinople and Italy the manufacture passed slowly westwards, and was not 
established in France until the sixteenth century, and arrived at a still later 
period in this country. 

So cotton, of which the manufacture in India dates from before historical 
times, had scarcely by the Christian era reached Persia and Egypt. Spain 
in the tenth and Italy in the fourteenth century manufactured it, but Man- 
chester, which is now the great metropolis of the trade, not until the latter 
half of the seventeenth century. 

Linen was worn by the old Egyptians, and some of their linen mummy- 
cloths surpass in fineness any linen fabrics made in later daysf. The 
Babylonians wore linen also and wool, and obtained a widespread fame for 
skill in workmanship and beauty in design. 

In this country wool long formed the staple for clothing. Silk was the first 
rival, but its costliness placed it beyond the reach of the many. To introduce 
a new material or improved machine into this or other countries a century or 
more ago was no light undertaking. Inventors and would-be benefactors alike 
ran the risk of loss of life. Loud was the outcry made in the early part of 
the eighteenth century against the introduction of Indian cottons and Putch 
calicoes. 

Until 1738, in which year improvements in spinning-machinery were begun, 
each thread of worsted or cotton wool had been spun between the fingers in 
this and all other countries. Wyatt, in 1738, invented spinning-rollers 
instead of fingers, and his invention was further improved by Arkwright. In 
1770 Hargreaves patented the spinning-jenny, and Crompton the mule in 
1775, a machine which comhined the advantages of the frames of both Har- 
greaves and Arkwright. In less than a century after the first invention by 
Wyatt, double mules were working in Manchester with over 2,000 spindles. 

Improvements in machines for weaving were begun at an earlier date. In 
1579 a ribbon-loom is said to have been invented at Dantzic, by which from 
four to six pieces could he woven at one time ; hut the machine was destroyed 
and the inventor lost his life j:. In 1800 Jacquard’s most ingenious invention 
was brought into use, which, by a simple mechanical operation, determines 
the movements of the threads which form the pattern in weaving, But the 
greatest discovery in the art of weaving was wrought by Cartwright’s discovery 

* Manufacture of eilk brought from China to Constantinople A.P. 522. 
t Wilkinson’s ‘Ancient Egyptians ; ’ Pliny, bk. six. c. ii. 
t Beckman’s ‘ History of Inventions,* vol. ii. p. 528. 
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laJxnii, and enabled a boy -vrith a steam-loom to do fifteen times the work of 
a Man with a hand-loom. 


_ For complex ingenuity few machines will compare with those used in the 
xaannfactuxe of lace and bobbin net. Hammond, in 1768, attempted to adapt 
the stocking-frame to this manufacture, which had hitherto been conducted 
by hand. It remained for J ohn Heathcote to complete the adaptation in 1809, 
and to revolutionize this branch of industry, reducing the cost of its produce 
to one-fortieth of what the cost had been before Heathcote improvements 
were effected. 

Most of these ingenious machines were in use before Watt’s genius gave the 
world a new motive power in the steam-engine ; and, had the steam-engine 
never been perfected, they would still have enormously increased the pro- 
ductive power of mankind. Water-power was applied to many of them ; in 
the first silk-thread mill erected at Derby in 1738, 318 million yards of silk 
thread were spun daily with one water-wheel. 

These are happier times for inventors : keen competition among manufac- 
turers does not let a good invention lie idle now. That which was rejected 
by old machines as waste is now worked up into useful fabrics by new ones. 
From all parts of the world new products come— jute from India, flax from 
New Zealand, andmany others which demand new adaptations of old machines, 
or new and untried mechanical arrangements to utilize them. Time would 
fail me if I were to attempt to enumerate ono tithe of these rare combinations 
of mechanical skill ; and, indeed, no one will ever appreciate the labour and 
supreme mental effort required for their construction who has not himself seen 
them and their wondrous achievements. 

Steamboats, the electric telegraph, and railways are more within the cog- 
nizance of the world at large; and the progress that has been made in them in 
little more than one generation is better known and appreciated. 

.. It is not more than forty years since one of our scientific men, and an able 
one too, declared at a meeting of this Association that no steamboat would 
pver cross the Atlantic, founding his statement on the impracticability, in bis 
yiew, of a steamboat carrying sufficient coal (profitably, I presume) for the 
yoyage. Yet soon after this statement was made, the * Sirius ’ steamed to 
New York in seventeen days*, and was soon followed from Bristol by the 
Great Western,’ which made the homeward passage in thirteen days and a 
half and with these voyages the era of steamboats may be said to have 
begun. Like most important inventions, that of the steamboat was a long 
time in assuming a form capable of being profitably utilized ; and even when 
it had assumed such a form, the objections of commercial and scientific men 
had still to te overcome. 

* First steamer crossed the Atlantic by steam alone in 1838, 
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Among the many names connected with the early progress in the con- 
struction of steamboats, perhaps none is more worthy of remembrance than 
that of Patrick Miller, who, with the assistance of 83 mimgton, an engineer, 
and Taylor, who was his children’s tutor, constructed a small steamboat. 
Shortly afterwards Lord Bundas, who saw the value of the application of 
steam for the propulsion of boats, had the first really practical steamboat 
constructed with a view to using it on the Forth and Clyde Canal. The pro- 
prietors, however, objected, and the boat lay idle. Again another attempt to 
make practical use of the steamboat failed through the death of the Duke of 
Bridgewater, who, with his characteristic foresight, had seen the value of 
steam as a motive power for boats, and had determined to introduce steamboats 
on the Canal which bears his name. 

The increase in the number of steamboats since the time When the ‘Sirius* 
first crossed the Atlantic has been very great. Whereas in 1814 the United 
Kingdom only possessed two steam-vessels, of together 456 tons burden, in 
1872 there were on the register of the United Kingdom 3,662 steam-vessels, 
of which the registered tonnage amounted to over a million and a half of tons^, 
or to nearly half the whole steam tonnage of the world, which did not at that 
time greatly exceed three million tons. 

As the number of steamboats has largely increased, so also gradually has 
their size increased until it culminated, in the hands of Brunei, in the ‘ Great 
Eastern.’ 

A triumph of engineering skill in ship-building, the ‘ Great Eastern ’ has 
not been commercially so successful. In this, as in many other engineering 
problems, the question is not how large a thing can be made, but how large, 
having regard to other circumstances, it is proper at the time to make it. 

If, as regards the dimensions of steamboats, we have at present somewhat 
overstepped the limits in the ‘ Great Eastern,’ much still remains to be done 
in perfecting the form of vessels, whether propelled by steam or driven by the 
force of the wind. A distinguished member of this Association, Mr. Eroude, has 
now for some years devoted himself to investigations carried on with the view 
to ascertain the form of vessel which will offer the least resistance to the water 
through which it must pass. So many of us in these days are called upon to 
make journeys by sea as well as by land, that we can well appreciate the value 
of Mr. Froude’s labours, so far as they tend to curtail the time which we must 
spend on our ocean journeys ; and we should all feel grateful to him if from 
another branch of his investigations, which relates to the rolling of ships, it 
should result that the movement in passenger vessels could be reduced. A 
gallant attempt in this direction has lately been made by Mr. Bessemer ; 
whether a successful one yet remains to be proved. In any event, he and 
those who have acted with him deserve our praise for an experiment which 
must add to our knowledge. 

. * Board of Trade Betum, 16th July, 1874, 8, 
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It is a question of vital importance to the steamboat that the consumption 
of fuel should be reduced to the smallest possible amount, inasmuch as etch 
ton of fuel excludes a ton of cargo. 

As improvements in the form of the hull are effected, less power (that is, 
less fuel) will be required to propel the vessel through the water for a given 
distance. Great as have been the improvements effected in marine engines to 
this end, much still remains to be done. Wolf’s compound engine, so long 
overlooked, is, with some improvements, being at last applied. Whereas the 
consumption of fuel in such vessels as the ‘ Himalaya ’ used to be from 5 to 
6 lbs. of fuel per effective horse-power, it has been reduced, by working steam 
more expansively in vessels of a later date, to 2 lbs. Yet, comparing this 
with the total amount of energy of 2 lbs. of coal, it will be found that not a 
tenth part of the power is obtained which that amount of coal would theo- 
retically call into action*. 

Wo live in an age when great discoveries are made, and when they are 
speedily taken advantage of if likely to be of service to mankind. 

In former times, man’s inventions were frequently in advance of the ago, 
and they were laid aside to await a happier era. There were in those earlier 
days too few persons who cared to, or who could, avail themselves of the prof- 
ferred boon, and there was no sufficient accumulation of wealth to justify its 
being appropriated to schemes which are always in their early stage more or 
less speculative. 

There is no more remarkable instance of the rapid utilization of what was 
in the first instance regarded by most men as a mere scientific idea, than the 
adoption and extension of the electric telegraph. 

* Theoretical energy of 1 lb. of coal: — 

The proportions of heat expended in generating saturated steam at 212° Fahr., and 
at 14 7 lbs. pressure per square inch, from water at 212® are : 

Uniia Mechanical 

of equiyalent 

heat. in foot lbs. 

I. In the formation of steam 892*8 689,242 

II. In resisting the incumbent pressure of 14*7 

lbs. per square inch 72*3 55,815 

965-1 745,057 

One pound of Welsh coal will theoretically evaporate 15 lbs. of water at 212° to 
steam at 212°. Therefore the full theoretical value of the combustion of 2 lbs. of 
Welsh coal is 

2 X 15 X 745,057 foot pounds, 
or 

2_ x 15 x 745 ^ ^ horse-power, if consumed in 1 hour, 

6U X tX>,UUv 

= 11*2 horse-power. 

As the consumption of coal per effective horse-power in a marine engine is 2 lbs., 
the power obtained is to the whole theoretical power as 1 is to 11. 
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Those who read Odier’s letter written in 1773, in which be made known 
his idea of a telegraph which would enable the inhabitants of Europe to con- 
verse with the Emperor of Mogul,” little thought that in less than a century a 
conversation between persons at points so distant would be possible. Still 
loss did those who saw in the following year messages sent from one room to 
another by Lesage, in the presence of Friedrich of Prussia, realize that they 
had before them the germ of one of the most extraordinary inventions among 
the many that will render this century famous. 

I should weary you were I to follow the slow steps by which the electric 
telegraph of to-day was brought to its present state of efficiency. In the 
present century few years have passed without new workers appearing in the 
field ; some whose object was to utilize the new-found power for the benefit 
of mankind, others (and their work was not the least important in the end) 
whose object was to investigate magnetism and electrical phenomena as pre- 
senting scientific problems still unsolved. Galvani, Volta, Oersted, Arago, 
Sturgeon, and Faraday, by their labours, helped to make known the elements 
which rendered it possible to construct the electric telegraph. With the 
battery, the electric coil, and the electro-magnet, the elements were complete, 
and it only remained for Sir Charles Wheatstone and others to combine them 
in a useful and practically valuable form. The inventions of Alexander, 
Steinhcil, and those of similar nature to that* of Sir Charles Wheatstone, were 
made known at a later date in the same year, which will ever bo memorable 
in the annals of telegraphy*. 

The first useful telegraph was constructed upon the Blackwall Bail way in 
1838, Messrs. Cooke & Wheatstone’s instruments being employed. From that 
time the progress of the electric telegraph has been so rapid, that at the pre- 
sent time, including land lines and submarine cables, there are in use in 
different parts of the world not less than 400,000 miles of telegraph. 

Among the numerous inventions of late years, the automatic telegraphs of 
Mr. Alexander Bain, of Dr. Werner Siemens, and of Sir Charles Wheatstone 
are especially worthy of notice. Mr. Bain’s machine is chiefly used in the 
United States, that of Dr. Werner Siemens in Germany. In this country the 
machine invented by Sir Charles Wheatstone, to whom telegraphy owes so 
much, is chiefly employed. By his machine, after the message has been 
punched out in a paper ribbon by one machine, on a system analogous to the 
dot and dash of Morse, the sequence of the currents requisite to transmit the 
message along the wire is automatically determined in a second machine by 
this perforated ribbon. This second operation is analogous to that by which 
in Jacquard’s loom the motions of the threads requisite to produce the pattern 
is determined by perforated cards. By Wheatstone’s machine errors insepara- 
ble from manual labour are avoided ; and, what is of even more importance in 

* Dates of patents ; Wheatstone, March 1, 1837 ; Alexander, April 22, 1837 j Steinheil, 
July 1, 1837 ; Morse, October 1837. 
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a commeroial point of view, the time during which the wire is occupied in the 
transmission of a message is considerably diminished. 

By the application of these automatic systems to telegraphy, the speed of 
transmission has been wonderfully accelerated, being equal to 200 words a 
minute — that is, faster than a shorthand writer can transcribe ; and, in fact, 
words can now bo passed along the wires of land lines with a velocity greater 
than can be dealt with by the human agency at either end. 

Owing partly to the retarding effects of induction and other causes, the speed 
of transmission by long submarine cables is much smaller. With the cable 
of 1858 only 2| words per minute were got through. The average with the 
Atlantic cable, Dr. C. W. Siemens informs me, is now 17 words ; but 24 words 
per minute can be road. 

One of the most striking phenomena in telegraphy is that known as the 
duplex system, which enables messages to bo sent from each end of the same 
wire at the same time. This simultaneous transmission from both ends of a 
wire was proposed in the early days of telegraphy, but, owing to imperfect 
insulation, was not then found to be practicable ; but since then telegraphic 
wires have been bettor insulated, and the system is now becoming of great 
utility, as it nearly doubles the capacity for work of every wire. 

And yet within how short a period of time has all the wonderful progress 
in telegraphy been achieved ! How incredulous the world a few years ago 
would have been if then told of the marvels which in so short a space of time 
were to be accomplished by its agency ! 

It is not long ago (1823) that Mr. (afterwards Sir Francis) Ronald, one of tho 
early pioneers in this field of science, published a description of an electric 
telegraph. Ho communicated his views to Lord Melville, and that nobleman 
was obliging enough to reply that the subject should be inquired into ; but 
before the nature of Sir Francis Ronaldos suggestions could be known, except to a 
few, that gentleman received a reply from Mr. Barrow “that telegraphs of any 
kind were then wholly unnecessary, and that no other than the one then in use 
wotild he adopted,’’ the one then in use being the old semaphore, which, 
crowning the tops of hills between London and Portsmouth, seemed perfec- 
tion to the Admiralty of that day. 

I am acquainted with some who, when the first Transatlantic cable waa 
proposed, contributed towards that undertaking with tho consciousness that 
it was only an experiment, and that subscribing to it was much the same 
thing as throwing their money into tho sea. Much of this cable was lost in 
the first attempt to lay it ; but its promoters, nothing daunted, made &00 
miles more cable, and finally laid it successfiJly in the following year, 1858. 

The telegraphic system of the world comprises almost a complete girdle 
round the earth ; and it is probable that the missing link will be supplied by 
a cable between San Francisco in California and Yokohama in Japan. 

How resolute and courageous those who engaged in submarine t^bgra{di]f 
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hare been will appear from the fact that, though we hare now 50,000 miles 
of cable in use, to got at this result nearly 70,000 miles were constructed 
and laid. This large percentage of failure, in the opinion of Dr. C. W. 
Siemens (to whom I am much indebted for information on this subject), was 
partly due to tho late introduction of testing a cable under water before it is 
laid, and to the use of too light iron sheathing. 

Of immense importance in connexion with the subsequent extension of 
submarine cables have been the discoveries of Ohm and Sir William Thom- 
son, and the knowledge obtained that the resistance of wire in homogeneous 
metal is directly proportional to the length, so that the place of a fault in a 
cable of many thousand miles in length can be ascertained with so much pre- 
cision as to enable you to'^go at once to repair it, although the^damaged cable 
may lie in some thousands of fathoms of water. 

Of railways the progress has been enormous ; but I do not know that in 
a scientific point of view a railway is so marvellous in its character as the 
electric telegraph. The results, however, of the construction and use of rail- 
ways are more extensive and widespread, and their utility and convenience 
brought home to a larger portion of mankind. It has come to pass, there- 
fore, that the name of George Stephenson has been placed second only to that 
of James Watt; and as men are and will be estimated by the advantages 
which their labours confer on mankind, he will remain in that niche, unless 
indeed some greater luminary should arise to outshine him. Tho merit of 
George Stephenson consisted, among other things, in this, that he saw more 
clearly than any other engineer of his time the sort of thing that the world 
wanted ; and that he persevered, in despite of learned objectors, with the 
firm conviction that ho was right and they were wrong, and that there was 
within himself the power to demonstrate tho accuracy of his convictions. 

Railways are a subject on which I may (I hope without tiring you) speak 
somewhat more at length. The British Association is peripatetic, and with- 
out railways its meetings, if held at all, would, I fear, be greatly reduced in 
numbers. Moreover, you have all an interest in them : you all demand to be 
carried safely, and you insist on being carried fast. Besides, everybody 
understands, or thinks he understands, a railway ; and therefore I shall be 
speaking on a subject common to all of us, and shall possibly only put before 
you ideas which others as well as myself have already entertained. 

We who live in these days of roads and railways, and can move with a 
fair degree of comfort, speed, and safety, almost where we will, can scarcely 
realize tho state of England two centuries ago, when the years of opposition 
which preceded the era of coaches began; when, as in 1662, there were but 
six stages in all England, and John Crossdell, of the Charterhouse, thought 
there were six too many ; when Sir Henry Herbert, a member of the House 
of Commons, could say, ^ If a man were to propose to carry us regularly to 
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Edinburgli in coaches in eeven days, and bring us back in seven more, should 
we not vote him to Bedlam ? ’’ 

In spite of short-sighted opposition, coaches made their way ; but it was not 
until a century later, in 1784 (and then, I believe, it was in this city of Bristol), 
that coaches were first established for the conveyance of mails. Those here who 
have experienced, as I have, what the discomforts were of long journeys in- 
side the old coaches, will agree with me that they were very great ; and I 
believe, if returns could be obtained of the accidents which happened to 
coaches, it would bo found that many more people were injured and killed 
in proportion to the number that travelled by that mode, than by the rail- 
ways of to-day. 

No sooner had our ancestors settled down with what comfort was possible 
in their coaches, well satisfied that twelve miles an hour was the maximum 
speed to be obtained, or was desirable, than they were told that steam con- 
veyance on iron railways would supersede their “ present pitiful ” methods 
of conveyance. Such was the opinion of Thomas Gray, the first promoter of 
railways, who published his work on a general iron railway in 1819. Gray 
was looked on as little better than a madman. “ When Gray first proposed 
his great scheme to the public,^’ said Chevalier Wilson, in a letter to Sir 
Eobert Peel in 1845, people were disposed to treat it as an effusion of in- 
sanity.” I shall not enter on a history of the struggles which preceded the 
opening of the first railway. They were brought to a successful issue by the 
determination of a few able and far-seeing men. The names of Thomas 
Gray and Joseph Sandars, of William James and Edward Pease, should 
always be remembered in connexion with the early history of railways, for 
it was they who first made the nation familiar with the idea. There is no 
fear that the name of Stephenson will be forgotten, whose practical genius 
made the realization of the idea possible. 

The Stockton and Darlington Eailway was opened in 1825, the Liverpool 
and Manchester Eailway in 1830 ; and in the short time which has since 
elapsed, railways have been extended to every quarter of the globe. No 
nation possessing wealth and population can afford to be without them ; and 
though at present in different countries there is in the aggregate about 
160,000 miles of railway, it is certain that in the course of a very few years 
this quantity, large as it is, will bo very greatly exceeded. 

Eailways add cnoimously to the national wealth. More than twenty-five 
years ago it was proved to the satisfaction of a committee of the House of 
Cbmmons, from facts and figures which I then adduced, that the Lancashire 
and Yorkshire Eailway, of which I was the engineer, and which then formed 
the principal railway connexion between the populous towns of Lancashire 
and Yorkshire, effected a saving to the public using the railway of more than 
the whole amount of the dividend which was received by the proprietors. 
These calculations were based solely on the amount of traffic carried by the 
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railway, and on the difference between the railway rate of charge and the 
charges by the inodes of conveyance anterior to railways. No credit what- 
ever was taken for the saving of time, though in England preeminently time 
is money. 

Considering that railway charges on many items have been considerably re- 
duced since that day, it may bo safely assumed that the railways in the 
British Islands now produce, or rather save the nation, a much larger sum 
annually than the'* gross amount of all the dividends payable to the proprietors, 
without at all taking into account the benefit arising from the saving in 
time. The benefits under that head defy calculation, and cannot, with any 
accuracy, be put into money ; but it would not be at all over-estimating this 
question to say that in time and money the nation gains at least what is 
equivalent to 10 per cent, on all the capital expended on railways. I do 
not urge this on the part of railway proprietors, for they did not embark in 
those undertakings with a view to the national gain, but for the expected 
profit to themselves. Yet it is as well it should bo noted ; for railway pro^ 
prietors appear sometimes by some people to be regarded in the light of 
pubHc enemies. 

It follows from these facts that whenever a railway can be made at a cost 
to yield the ordinary interest of money, it is in the national interest that it 
should be made. Eurther, that though its cost might be such as to leave a 
smaller dividend than that to its proprietors, the loss of wealth to so small a 
section of the community will be more than supplemented by the national 
gain, and therefore there may be cases where a government may wisely con- 
tribute in some form to undertakings which, without such aid, would fail to 
obtain the necessary support. 

And so some countries, Eussia for instance, to which improved means of 
transport are of vital importance, have wisely, in my opinion, caused lines to 
be made which, having regard to their own expenditure and receipts, would 
be unprofitable works, but in a national point of view are or speedily will bo 
highly advantageous. 

The empire of Brazil also, which I have lately visited, is arriving at the 
conclusion, which I think not an unwise one, that the State can afford and 
will be benefited in the end by guaranteeing 7 per cent, upon any railway that 
can of itself be shown to produce a net income of 4 per cent., on the assump- 
tion that the nation wiU be benefited at least to the extent of the difference. 

A question more important probably in the eyes of many — safety of railway 
travelling — may not bo inappropriate. At all events, it is well that the 
elements on which it depends should be clearly understood. It will be thought 
that longer experience in the management of railways should go to ensure 
greater safety ; but there are other elements of the question which go to 
counteract this in some degree. 

The safety of railway travelling depends on the perfection of the machine 
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in all ita including the whole railway, with its movable plant, in that 
term 5 it depends also on the nature and quantity of traffic, and, lastly, on 
human care and attention. 

With regard to what is human, it may be said that so many of these acci* 
dents as arise from the fallibility of men will never be eliminated until the race 
be improved. 

The liability to accident will also increase with the speed, and might be 
reduced by slackening that speed. It increases with the extent and variety 
of the traffic on the same line. The public, I fear, will rather run the risk 
than consent to be carried at a slower rate. The increase in extent and 
variety of traffic is not likely to receive any diminution ; on the contrary, it 
is certain to augment. 

I should be sorry to say that human care may not do something ; and I am 
not among those who object to appeals through the press, and otherwise, to 
railway companies, though sometimes perhaps they may appear in an un- 
reasonable form. I see no harm in men being urged in every way to do their 
utmost in a matter so vital to many. 

A question may arise whether, if the railways were in the hands of the 
Government, they could not be worked with greater safety. Government would 
not pay their officers better, or perhaps so well as the companies do, and it is 
doubtful whether they would succeed in attracting to the service abler men. 
They might do the work with a smaller number of chief officers ; for much of 
the time of the companies’ managers is occupied in internecine disputes. They 
might handle the traffic more despotically, diminishing the number of trains, 
or the accommodation afforded by them, or in other ways, to insure more safety ; 
but would the public bear any curtailment of convenience ? 

One thing they could, and perhaps would do. In cases where the traffic 
is varied, and could more safely be conducted with the aid of relief lines, which 
hold out no sufficient inducement to the companies to make, the Government, 
being content with a lower rate of interest, might undeitake to make them, 
though then comes the question whether, when the whole of this vast machine 
came to depend for supplies on annual votes of Parliament, money would be 
forthcoming in greater abundance than it is under the present system. 

But the consideration of this subject involves other and more difficult 
questions. 

Where are the labours of Government to stop ? The cares of State which 
cannot be avoided are already heavy, and will grow heavier every year. Dock- 
yard establishments are trifling to what the railway establishments, which 
already employ 250,000 men, would be. The assumption of all the railways 
would bring Government into conflict with every passenger, every trader, every 
merchant, atid every manufacturer. With the railway companies there would 
be no difficulty ; they would sell their undertakings to any one provided the 
price was ample. 
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Looking at the vast growth of railway traffic, one measure occurs to me as 
oondudve to the safety of railway passengers, and likely to be demanded 
some day : it is to construct between important places railways which should 
carry passengers only or coals only, or be sej apart for some special separation 
of traffic ; though there will be some difficulty in accomplishing this. Land- 
owners, through whose property such lines would pass, would probably wish 
to use such lines for general purposes. Nevertheless it may have to be tried 
some day. 

It would be instructive, were it practicable, to compare the relative propor- 
tion of accidents by railway and by the old stage-coaches ; but no records that 
I am aware of exist of the latter that would enable such a comparison to be 
made. It is practicable to make some sort of comparison between the acci- 
dents in the earlier days of our own railways and the accidents occurring at a 
later date. 

The Board of Trade have unfortunately abandoned the custom, which they 
adopted from 1852 to 1859, of returning the passenger mileage, which is given 
in the German returns, and is the proper basis upon which to found the pro- 
portion of accidents, and not on the number of passengers without any regard 
to distance travelled, which has altered very much, the average journey per 
passenger being nearly half in 1873 what it was in 1846. 

It would be erroneous to compare the proportions of accidents to passengers 
carried in various years, even if the correct number of passengers travelling 
were given. But a figure is always omitted from the Board of Trade return, 
which makes the proportion of accidents to passengers appear larger than it is ; 
this is the number of journeys performed by season-ticket holders, Some 
estimate could be made of the journeys of season-ticket holders by dividing 
the receipts by an estimated average fare, or the companies could make an 
approximate estimate, and the passenger mileage could be readily obtained 
by the railway companies from the tickets. These additions would greatly 
add to the value of the railway returns as statistical documents, and render 
the deductions made from them correct. 

Though it has been a work of labour, I have endeavoured to supply these 
deficiencies, and I believe the results arrived at maybe taken as fairly accurate^. 

Prom the figures so arrived at, it appears the passenger mileage has doubled 
between 1861 and 1873 j and at the rate of increase between 1870 and 1873 
it would become double what it was in 1873 in twelve years from that time, 
namely in 1885. 

The number of passengers has doubled between 1864 and 1873, and at the 
rate of increase between 1870 and 1873 it would become double what it was 
in 1873 in eleven years and a half, or in 1885. 

It must, however, be remembered that the rate of increase since 1870, though 
very regular for 1871, 1878, and 1873, is greater than in previous years. 


See Table in Appendix. 
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beiag probably dae to the rise of wages and the great development of third- 
class traffic, and it would not be safe to assume this rate of increase will 
continue. 

Supposing no improvement h^id been effected in the working of railway 
traffic by the interlocking of points, the block system, <fco., the increase o£ 
accidents should have borne some proportion to the passenger mileage, multi- 
plied by the proportion between the train mileage and the length of line open, 
as the number of trains passing over the same line of rails would tend to 
multiply accidents in an increasing proportion, especially where the trains run 
at different speeds. 

The number of accidents varies considerably from year to year ; but taking 
two averages of ten years each, it appears that the proportion of deaths of 
passengers from causes beyond their control to passenger miles travelled in 
the ten years ending Deeember 31, 1873, was only two thirds of the same 
proportion in the ten years ending December 31, 1861 ; the proportion of all 
accidents to passengers from causes beyond their own control was one ninth 
more in the last ten years than in the earlier, whereas the frequency of trains 
had increased on the average one fourth. 

The limit, however, of considerable improvements in signalling, increased 
brake-power, &c. may be reached before long; and if so, the increase of 
accidents will then depend on the increase of traffic, together with the in- 
creased frequency of trains. 

The large growth of railway traffic, which wo may assume will double in 
twenty years, will evidently greatly tax the resources of the railway com- 
panies ; and unless the present companies increase the number of the lines of 
way, as some have commenced to do, or now railways are made, the system 
of expeditious and safe railway travelling will be imperilled. Up to the 
present time, however, the improvements in regulating the traffic appear to 
have kept pace with the increase of traffic and of speed, as the slight increase 
in the proportion of railway accidents to passenger miles is probably chiefly 
due to a larger number of trifling bruises being reported now than formerly. 

I believe it was a former President of the Board of Trade who said to an 
alarmed deputation, who waited upon him on the subject of railway travelling, 
that he thought he was safer in a railway carriage than anywhere else. 

If he gave any such opinion, he was not far wrong, as is sufficiently evident 
when it can be said that there is only one passenger injured in every four 
million miles travelled, or, that, on an average, a person may travel 100,000 
miles each year for forty years, and the chances be slightly in his favour of 
his not receiving the slightest injury. 

A pressing subject of the present time is the economy of fuel, Members of 
the British Association have not neglected this momentous question. 

At the meeting held at Newcastle-on-Tyne in 1863, Sir William 
Armstrong sounded an alarm as to the proximate exhaustion of our coal-fields. 
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Mr. Bramwcll, when prcBidiug over the Mechanical Bection at Brighton, 
drew attention to the waste of fuel. 

Dr. Siemens, in an able lecture he delivered by request of the Association 
to the operative classes at the meeting at Bradford, pointed out the waste of 
fuel in special branches of the iron trade, to which he has devoted so much 
attention. 

He showed on that occasion that, in the ordinary reheating furnace, the 
coal consumed did not produce the twentieth part of its theoretical effect, and 
in melting steel in pots in tho ordinary way not more than one-seventieth 
part, in melting one ton of steel in pots about 2| tons of coke being con- 
sumed. Dr. Siemens further stated that, in his regenerative gas-furnace, one 
ton of steel was melted with 12 cwt. of small coal. 

Mr. Lowthian Bell, who combines clicmical knowledge with the practical 
experience of an ironmaster, in his Presidential address to the Members of 
the Iron and Steel Institute in 1 873, stated that, with the perfect mode of 
withdrawing and utilizing the gases and the improvement in tho furnaces 
adopted in the Cleveland district, the present make of pig iron in Cleveland 
is produced with 3| million tons of coal less than would have been needed 
fifteen years ago, this being equivalent to a saving of 45 per cent, of the 
quantity formerly used. He shows by figures, with which he has favoured 
me, that the calorific power of the waste gases from the furnaces is sufficient 
for raising all tho steam and licating all the air tho furnaces require. 

It has already been stated that by working steam more expansively, either 
in double or single engines, the consumption of fuel in improved modem 
engines compared with tho older forms may be reduced to one third. 

All these reductions still fall far short of the theoretical effect of fuel, 
which may be never reached. Mr. Lowthian BelPs figures go to show that 
in the interior of the blast-furnace, as improved in Cleveland, there is not 
much more to be done in reducing the consumption of fuel ; but much has 
already been done; and could the reductions now attainable and all the 
information already acquired be universally applied, the saving in fhel would 
bo enormous. 

How many open blast-furnaces still belch forth flame and gas and smoke 
as uselessly, and with nearly as much mischief to the surrounding neighbour- 
hood, as the fires of Etna or Vesuvius ! 

How many of the older and more extravagant forms of steam-engine still 
exist ! 

What is to be done with the intractable householder, with the domestic 
hearth, where, without going to German stoves, but by using Galton’s grates 
and other improvements, every thing necessary both for comfort and con- 
vonienoo could bo as well attained with a much smaller consumption of 
coal ? 

If I have pointed out that we do not avail ourselves of more than a frac- 
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tioaa} of the ueeful effects of fuel, it is pot thj^t I Oj^pect wo shall all at 
onoe mend our ways in this respect. 

Many eases of waste arise from the existence of old apd ohsoleto machines, 
of bad forms of furnaces, of wasteful grates, existing ip most dwellings 
iiousasi and these are not to be remedied at once; fo? not everyone can 
afford, however desirable it might he, to cast away the old and adopt the 
new. 

In looking uneasily to the future supply and cost of fuel, it is, however, 
something to know what may he done even with the application of ouy 
present knowledge j and could we apply it universally to-day, all that is 
necessary for trade and comfort could probably be as well provided for by 
one half the present consumption of fuel ; and it behoves those who are 
beginning to build new mills, new furnaces, new steamboats, or new bouses 
to act as though the price of coal which obtained two years ago had been 
the normal and not the abnormal price. 

There was in early years a battle of the gauges, and there is now a contest 
about guns ; but yopr time will not permit me to say much on their manu^ 
fecture. 

Here, again, the progress made in a few years has been enormous ; and in 
contributing to it, two men, Sir William Armstrong and Sir Joseph Whit^ 
worth, both civil engineers, in this country at all events, deservedly stand 
foremost. The iron coil construction of Sir William Armstrong has already 
produced remarkable and satisfactory results ; in discussing further possible 
improvements, the question is embarrassed by attempting to draw sharp lines 
between what is called steel and iron. 

There is nothing that I can see to limit the size of guns, except the 
tenacity and endurance of the metal, whatever we may choose to call it, of 
which they are to be made. 

Sir Joseph Whitworth, who has already done more than any other man in 
his department to secure good workmanship, and whose ideal of perfection is 
•ever expanding, has long been seeking, and not without suecess, by enormous 
compression, to increase those qualities in what ho calls homogeneous metal. 
Hake the metal good enough, and call it iron if you will, and the size of a 
gun may be any thing : the mere construction and handling of a gun of 100 
tons, or of greater weight, with suitable mechanical appliances, presents no 
difficulty. 

Belying on the qualities of his compressed metal, Sir Joseph is now 
seeking by a singular experiment to limit the travel of the recoil, as far as 
iwacticable, to the elasticity of the metal. By attaching the muzzle of the 
gun to an outer casing, through which the force of the recoil is carried back 
to the trunnions, he proposes to avail himself of this elasticity to the extent 
of once and a half the length of the gun; whether its elasticity alone 
m 80 ibort a space will suffice without other aid is, perhaps, doubtful; but 
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other aid may be applied, and the experiment, whether sueeeseM or not, 
will bo interesting* 

Docks and harbours I have no time to mention; for it is timethk long and,. 
I fear, tedious address should close* 

“ Whence and whither,” is an aphorism which leads us away froitl present 
and plainer objects to those which are more distant and obscure ; whether 
we look backwards or forwards, our vision is speedily arrested by an impene- 
trable veil. 

On the subjects I have chosen you will probably tbink I have travelled 
backwards far enough . I have dealt to some extent with the present. 

The retrospect, however, may be useful to show what great works were 
done in former ages. 

Some things have been better done than in those earlier times, but not all. 

In what we choose to call the ideal we do not surpass the ancients. Poets 
and painters and sculptors were as great in former times as noW ; so, pro- 
bably, were the mathematicians. 

In what depends on the accumulation of experience, we ought to excel 
our foreriinuers. Engineering depends largely on experience ; nevertheless, 
in future times, whenever difficulties shall arise or works have to be accom- 
plished for which there is no precedent, he who has to perform the duty 
may step forth from any of the walks of life, as engineers have not unfro- 
quently hitherto done. 

The marvellous progress of the last two generations should make every one 
cautious of predicting the future. Of engineering works, however, it may 
bo said that their practicability or impracticability is often determined by 
other elements than the inherent difficulty in the works themselves. 
Greater works than any yet achieved remain to be accomplished — not, 
perhaps, yet awhile. Society may not yet require them ; the world could 
not at present afford to pay for them. 

The progress of engineering works, if wo consider it, and the expenditure 
upon them, has already in our time been prodigious. One hundred and sixty 
thousand miles of railway alone, put into figures at <£20,000 a mile, amounts 
to 3200 million pounds sterling ; add 400,000 miles of telegraph at ^100 a 
mile, and 100 millions more for sea canals, docks, harbours, water and sani- 
tary works constructed in the same period, and we get the enormous sum of 
3340 millions sterling expended in one generation and a half on what may 
undoubtedly he called useful works. 

The wealth of nations may he impaired by expenditure on luxuries and 
war ; it cannot bo diminished by expenditure on works like these. 

As to the future, we know we cannot create a force; we can, and no 
doubt shall, greatly improve the application of those with which Wo are ac- 
quainted. What are called inventions can do no more than this ; yet how 
much every day is being done by new machines and instruments. 
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. The telescope extended our vision to distant worlds. The spectroscope has 
far outstripped that instrument, by extending our powers of analysis to re- 
gions as remote. 

Postal deliveries were and are great and able organizations ; but what are 
they to the telegraph ? 

Need we try to extend our vision into futurity further? Our present 
knowledge, compared to what is unknown even in physics, is infinitcBimal. 
We may never discover a new force — yet, who can toll ? 
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"Eleventh Report of the Committee for Exploiting Kenfs Cavern, Devon- 
shire — the Committee consisting o/’Sir John Lubbock, Bart., F.R.S., 
John Evans, F,R,S,, Edward Vivian, M.A., George Busk, 
F,R.S., William Boyd Dawkins, F,R.S., William Ayshford 
Sanford, jP.G.5., John Edward Lee, F,G,S., and William Pen- 
GELLY, {Reporter), 

The Committee have again the melancholy duty of reporting that death has 
deprived them of one of their members. As long ago as 1859, as soon as ho 
became aware of the importance of the discoveries made in the Windmill- 
Hill Cavern at Brixham, Sir Charles Lyell expressed a strong desire that 
Kent^s Cavern should also be systematically and thoroughly explored ; and 
it was with his full concurrence that the proposal to do so was laid before 
the Committee of the Geological Section of the British Association at Bath 
in 1864, the day after he delivered his Presidential Address ; whilst liis 
ardent advocacy, together with that of the late Professor Phillips, secured its 
ready acceptance by the Committee of Becoramendations and the General 
Committee. At the first meeting of the Cavern Committee, appointed in the 
year just mentioned, he was unanimously elected Chairman, and he con- 
tinued to occupy that post until his lamented decease on 27th February, 
1875. Though the state of his health prevented him from taking any active 
part in the exploration, his interest in the work never abated ; he always 
carefully studied the Monthly Beports of Progress sent him by the Super- 
intendents, and he made careful arrangements for their preservation. 

The Tenth Beport, read to the Geological Section of the Association at the 
Belfast Meeting, and printed in the annual volume for last year, brought up 
the work to the end of July 1874. The exploration has been carried on 
without interruption from that date to the present time, the. mode of 
excavation adopted at the beginning has been uniformly followed, the 
Superintendents have visited the Cavern daily, the progress of the work 
has been carefully recorded in the Cavern diarj^ the workmen have, as 
heretofore, given complete satisfaction, and Monthly Beports have been 
1 § 75 . » 
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regularly sent to Sir Charles Lyell until his decease, and subsequently to 
Mr. John Evans. 

The Committee have the satisfaction of stating that they still retain the 
services of George Smerdon, foreman of the work, who has been engaged on 
it from the beginning. As John Clinnick, the second workman, believing 
the employment prejudicial to his health, has sought more congenial labour, 
they have engaged Nicholas Luscombe in his stead, and hope that he may 
prove an equally satisfactory workman. 

The Cavern continues to be much visited by persons desirous of studying 
on the spot its characters and phenomena; and during the last twelve 
months the Superintendents have had the pleasure of taking the following 
gentlemen through those branches which have been explored, and of 
explaining to them the mode of operation : — Sir C. Wheatstone, General D. 
Lysons, Colonel Brine, Major J. Virtue (Madras), the Revs. Dr. Stebbing, 
J. L. Ball, W. E. Buckley, G. Henslow, J. Parker, T. R. R. Stebbing, 
T. Talbot, J. H. Tookc, and R. H. J. Turrell, Dr. T. Oldham (Calcutta), Dr. 
E. B. Tylor, and Messrs, E, W, Alexander (New Zealand), W. E. Alexander, 
A. R. Baker, J. E. Baker, H. S. Ball, W. Beer, C. A. Bleckly, H. E. Blcckly, 
Gellings Blow, A. Brine, N. Brown, M. de Bunsen, W. Carruthers, Moncure 

D. Conway, J. D. Crossfield, P. L. Davidson, W. J. Dobie, E. Elder, E. C. 
EUiott, W. Erancis, G, S. Gibson, J. Giles, H. Gurney, T. Gurney, T. Har- 
rison, T. N. Hart-Smith, E. S. Hastings, E. J. Hext, C. Holdsworth, J. Holds- 
worth, J. A. Holdsworth, J. H. Holdsworth, J. S. Holdsworth, R. Holds- 
worth, A. R. Hunt, T. Hunton, H. J. J. Lavis, J. Norman Lockyer, D. C. W. 
Lysons, J. I. Mackenzie, D. Pidgeon, A. D. Powell, H. Reuter, A. Richard- 
son, A. E. Robinson, H, Segar, J. Sollas, E. B. Stott, J. S. Stott, E. R. Thom- 
son, J. R. Terry, H. Tozer, J. H. Tuke, S. Tuke, W. S. Tuke, W. A. E. 
Ussher, C. Staniland Wake, .E. G. Wake, J. C. Wheat, J. N. White, B. H. 
Williams, E. Williams, E. E. Wolfe, B. B. Woodward, H. B. Woodward, and 

E. L. Woodward. 

Numerous visitors have also been conducted by the “ Guide, who, though 
under the control of the Committee, is not permitted to take parties to those 
branches of the Cavern in which the exploration is in progress or has not 
been begun. 

As in former years, rats have frequently been seen running about in 
various parts of the Cavern, including those in which the men have been at 
work, though hundreds of feet from any glimmering of daylight ; and they 
have displayed their usual boldness as well as their skill in carrying off 
candles. In other branches, almost as far from the entrances, where all 
researches have ceased for some years, their footprints are to be seen in very 
great numbers, especially on the silt left, here and there, where the drip is 
copious in wet weather. It is difficult to understand what draws them 
thither, unless it be the small amount of tallow which drops from the candles 
of visitors. 

On 29th January, 1875, a ‘‘ buzzing fly” was heard by one of the Super- 
intendents in “ The Cave of Inscriptions,” about 300 feet from daylight, and 
was subsequently seen by the workmen in the same Cave. 

Clinnick^ $ Gallery .- — The Tenth Report (1874) stated that the Committee 
had discovered that the Long Arcade,” about 225 feet from its entrance, 
threw off a narrow branch, which had been named Clinnick^s Gallery ” 
after the workman who first entered it — ^that its exploration was in progress 
and had been completed for about 34 feet — that below the least ancient, or 
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the “ Granular, Stalagmitic Floor,” for a distance of 18 feet from the entrance, 
a small quantity of “ Cave-earth ” uniformly presented itself, beneath which 
lay the ^ Breccia,” occasionally separated from it by remnants of the more 
ancient, or the Crystalline, Stalagmitic Floor ” in situ — but that from the 
point just named, up to that reached when the Tenth Eeport was drawn, 
there was no Cave-earth ; so that the two Stalagmites lay the one imme- 
diately on the other, with the Breccia (that is, as far as is known), the 
oldest of the Cavern deposits, beneath the whole. 

At the commencement of the exploration of this Gallery, the deposits so 
very nearly reached the roof as to induce the belief that a very few feet at 
most was all that the workmen had before them. In short, no one suspected 
the existence of this branch of the Cavern. As the work advanced, how- 
ever, the unoccupied interspace between the roof and floor became gradually 
larger, until on the 6th of August, 1875, John Clinnick, the workman 
already mentioned, forced himself through, and, after proceeding about 
50 feet, as he estimated, entered a large chamber, of which he brought back 
such a glowing description as to induce one of the Superintendents to follow 
him, when he found the workman’s description by no means too highly 
coloured. The Chamber, probably one of the largest in the Cavern, is beau- 
tifully hung with stalactites, and has numerous stalagmitic paps,” some of 
them four feet high and of almost cylindrical form, rising from a floor of 
the same material. 

The work in Clinnick’s Gallery was very difficult, as the two stalagmites 
were not only extremely hard and tough, but had an aggregate thickness 
amounting frequently to fully four feet ; and the very contracted height 
and breadth of the Gallery prevented the men from working to the best 
advantage* 

The state of the Floor was a puzzling study. The older, or lower, or 
Crystalline-Stalagmite was broken in places near the left wall along a line 
parallel with it, and the fragments, occasionally considerable sheets, were 
raised some inches above their original level at their margin most remote 
from the wall and depressed at that nearest to it, whilst every thing remained 
intact at and adjacent to the opposite wall of the narrow Gallery. The dis- 
turbance occurred obviously before the commencement of the formation of 
the upper or Granular Stalagmite ; for not only was this less ancient fl#or 
undisturbed, but the fragmentary and tilted sheets of the older floor just 
mentioned passed in some instances obliquely through it, rising above its 
upper surface on’ one side and projecting below its base on the other. 
Adjacent to the left wall, at a point where the Floor was unbroken, a pap 
(which had evidently lost its top) reached the height of 16 inches and was 
still standing erect. Though varying somewhat in diameter, it may be said 
to be cylindrical in form, and at the top it measured 10 inches in circum- 
ference. Almost in contact with it, but l 3 ing horizontally at its base, and 
completely enveloped in the Granular Stalagmite, was a fragment of, no 
doubt, the same pap, 10 inches long ; whilst on the opposite side of the 
standing portion was a third fragment, 5 inches long, terminating in a cone, 
and firmly held to the spot by stalagmitic matter. There can be no doubt 
that the three pieces are portions of one and the same pap, of which the 
shorter piece was the conical apex, the unbroken column having been at least 
31 inches long. Phenomena such as these are calculated to ipduce specu- 
lations respecting the causes which produced them and the time they repre- 
sent. In the case just mentioned, we have, first, the deposition of the 
Breccia, or oldest of the Cavern-deposits, so far as is certainly known ; this 
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was followed by the formation of the Crystalline Stalagmite as a contiunons 
sheet of somewhat viiriablc thickness, which sometimes reached fully 3 feet 
in this Gallery ; next came that very slow drip and precipitation of car- 
bonate of lime which alone seems compatible with the formation of paps, 
and this continued until the pap just described had reached a height ex- 
ceeding 30 inches and a girth of 10 ; this was succeeded by some cause of 
disturbance, which broke the thick floor of Crystalline Stalagmite, depressed, 
as if by subsidence, the deposit adjacent to one wall, but left every thing 
intact on the opposite side of the narrow passage, broke the pap into three 
pieces, leaving the lowest of them still erect, causing the middle segment to 
fall at its foot on the outside, and that which formed the apex on the inside ; 
finally, this was followed by another sheet-like floor of Stalagmite, of less 
thickness than the former, granular in texture, and capable of preventing 
the results of the disturbance from being themselves disturbed. A faint 
earthquake-tremor would, no doubt, suffice to break some of the long com- 
paratively slender paps ; for some of those which have been found detached 
have been known to resolve themselves into fragments, even at a touch, the 
planes of division being at right angles to the longest axis, whilst others of 
even less thickness will stand a considerable blow. Most of those standing 
intact emit a musical note when gently struck ; and the notes are such as to 
show that the rates of vibration, and hence probably the molecular arrange- 
ment, must differ considerably even in masses differing but little in di- 
mensions. 

Clinnick’s Gallery on being excavated was found to be a somewhat tortuous 
passage, varying from 4 to 8 feet in width, and from 7 to 10 feet in height 
That it was once a watercourse there can be little or no doubt, as the roof 
bears the marks of the long-continued action of a running stream. The 
walls vary considerably —being in some places smooth, in others much fretted 
or corroded, and in others more or less angular. 

The objects of interest found in this branch of the Cavern during the 
last twelve months have been by no moans numerous ; nevertheless they 
are not without interest, as a few of them throw a new light on the palm- 
ontology of the Cavern. 

Attached to the upper surface of the Granular Stalagmitic Floor, the least 
ancient of the two deposits of that material, portions of three land-shells 
(No. 6477) were found, 23rd October, 1874 ; and on the 31st of the same 
month about 20 bones of Mammals (No. 6481) were mot with, lying toge- 
ther loose on the Floor, beneath a few small fragments of Stalagmite. Their 
characters are such as to imply a recent introduction into the Cavern. 

Incorporated in the Granular Stalagmite itself were a few bones, including 
a humerus (No. 6475), a tibia and ulna (No. 6476), all nearly entire, and 
a portion of a large humerus (No. 6491), each of which had been gnawed. 

Though no Cave-earth was met with beyond the point already specified, 
there seems no doubt that to the era of that deposit may be referred a con- 
siderable portion of a radius (No, 6484) and of an ulna (No. 6489), both 
gnawed and found under loose pieces of stalagmite. 

The Breccia in this Gallery was not much more productive. The total 
remains of animals it has yielded since the last Eeport was presented arc 
4 teeth of Bear, a few bones and fragments of bone, and 3 teeth of Lion in 
three portions of, no doubt, one and the same lower jaw. The latter “ find^^ 
(No, 6482) is of considerable interest, as being the first known instance of 

* All heights mentioned in this Report have been measured from the bottom of the 
made by the Committee, 
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remains of any animal besides Bear met with in the Breccia. It was found 
with three bits of bone on the 2nd November, 187 4, in the third foot-level ; and 
vertically beneath it, in the next foot-level, were 1 tooth of Bear, a fragment 
of bone, and a flint chip (No. 6483). Though the Superintendents had no 
doubt of the feline character of the teeth, they forwarded one of them (that 
least surrounded with Breccia) to Mr. George Busk, E.Il.S. &c., a member of 
the Committee, on 80th November, 1874, remarking that they believed it to 
be the last lower left molar of Felis spelcea^ and requesting his opinion on it. 
In his rojAy, dated “ 32 Harley Street, December 8, 1874,” he remarks : — 
“ There is no doubt that the tooth is the left lower carnassial of Felts Zeo, 
but it is of very unusual size, being, I should estimate, bigger than the 
average dimensions of that tooth in the Lion. It is usually longer, but not 
so thick, in the Tiger than in the Lion ; but the thickness of the present one 
is proportionate to its length, viz. 1 *20 x *65 inch. Another peculiarity, as 
it seems to me, is the great wear that the tooth has undergone. I fancy 
existing Lions are not allowed to live long enough to wear their teeth so 
much. At any rate, the Kent’s Hole tooth appears to be more worn than 
any other I have as yet met with. Can it belong to Machairodus ? 

(Signed) “ George Busk.” 

Having succeeded in removing some part of the matrix incrusting the 
other portions of the jaw, they were also forwarded to Mr. Busk, with the 
observation that the Superintendents had carefully considered the question 
before submitting the first tooth, and had come to the conclusion tliat the 
jaw was not that of Machairodus ; for, waiving the fact that none of the 
teeth were serrated, the fang of the canine still remaining in the jaw was 
much too large for a lower canine of any known species of Machairodus ; and 
it was suggested that it might be worth considering whether the specimen 
belonged to any of the species of Felis found in the Forest-bed of Cromer. 
Mr. Busk says in his reply, dated August 11, 1875 : — “ The jaw docs not 
appear to present any thing unusual. It is, however, a good example to 
show that the Cave-Lion lived to a good old age. 

(Signed) “ George Btjse:.” 

Clinnick 8 Gallery also yielded 7 specimens of flint and chert belonging to 
the Breccia (Nos. 6466, 6467a, 6470, 6474, 6478, 6483, and 6485), of 
which the first and fourth alone require further notice. 

No. 6466 is an irregular tongue-shaped tool, of gamboge- colour exter- 
nally, about 3 inches long, 1*7 inch in greatest breadth, and *7 inch in 
greatest thickness. It has been reduced to an edge all round the circum- 
ference except at the but -end, is slightly concave on the inner face, on 
which the “ bulb of percussion ” is well developed near the but-end, and very 
convex on the outer face, whence several flakes and chips have been dis- 
lodged. It was broken into three pieces by the workmen in extracting it, 
and was found, without any other object of interest near it, on 8th August, 
1874, in the third foot-level of Breccia, over which the two Stalagmitic 
Floors, without any Cave-earth between them, had an aggregate thickness of 
48 inches. 

No. 6474, a flint pebble, pretty well rolled, and 2*1 inches long, was 
found alone, in the second foot-level of Breccia, on 24th September, 1874. 

The comparative paucity of specimens in Clinnick’s Gallery irduced the 
Superintendents, on let December, 1874, to suspend operations in that 
direction for at least a time. The labour of seven months had been ex- 
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peiuied on it, during whioli the exploration had reached 75 feet from the 
entrance, where the Great Chamber discovered by John Clinnick may be said 
to begin. 

•Kie following is a list of the objects of interest found in Clinniok^s Gallery 
flrom first to last 

L 3 ring on the surface, and apparently recent : 3 shells of HelLv and about 
20 bones of Mammals. 

Incorporated in the Granular Stalagmite : a few gnawed bones. 

In the Cave-earth : 8 teeth of Hyaena, 2 of Fox, a tolerable number of 
bones and fragments of bone, 1 large Chert implement (No. 6401), and 1 
small flint flake (No. 6426). 

In the Breccia : 90 teeth of Bear, 3 of Lion in portions of a left lower jaw 
(No. 6482), numerous bones and portions of bone, including a large part of 
a skull, a flint pebble, and 1 1 specimens of flint and chert implements, flakes, 
and chips, including the very fine tool No. 

The Gave of Imcripiions . — The chamber in which “ The Long Arcade 
terminates was called by Mr. MacEncry “ The Cave of Inscriptions,’’ on 
account of the number of names, initials, and dates graved on the Stalagmite 
in various parts of it." Besides those on the “ The Inscribed Boss of Stalag- 
mite,” at the entrance of the “Cave,” described in the Tenth Report (1874), 
inscriptions occur on what is known as “ The Hedges Boss ” and on the walls 
of the Chamber. There are also numerous names &e. smoked on various 
parts of the Roof, as there are, indeed, in almost every branch of the Cavern, 
some of which appear to be of considerable antiquity. 

The left wall, about 35 feet from the entrance, is covered with vStalagmitic 
matter, having usually a rough surface, and to which there does not seem to 
have been recently any addition. On this surface the following inscriptions 
have been noticed : — 

*1. I. 0, 2. AV 3. A E 

1609 1792 

4. 1769 

No. 1 is in large badly cut characters. 

No. 2 is in characters about 3 inches high, well cut, bold, and very legible. 
The letters are, of course, an economical form of NW. 

No. 3 is badly cut, and immediately under No. 2. 

No. 4 is in small characters. 

There aro several other inscriptions, hut not sulRciently legible to bo 
copied with certainty. 

At the south-western comer of the Chamber the following inscriptions 
ooonr on the wall 

1. 2. G.B 

5. I B. 

6. William Mather 

Teignmouth 

8, ja. B 9. 1653 

1661 

No. 1 is badly cut. 

No. 4 is within a square 5*5 inches in the side and looped at each angle. 

* Tho uiimcrols prefixed to the inscriptions do not belong to the originals. 


3. H A G H 4. 8. G 

64 1731 

7. IM 

EAICT HARM 
lOhN MARTY 

10. Down all. 
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Nos. 6 and 10 are in ordinary written characters. 

No. 7 is within a rectilineal figure which has not been completed, or has 
been obliterated, towards the right. There has been a considerable recent 
accretion of stalagmite, which has probably obliterated a portion of the 
enclosing figure and some of the letters there ; thus MARTY has perhaps 
lost a terminal N. 

Not far from the centre of the Chamber a considerable boss of stalagmite 
rises from the floor of the same material, having on its sides several badly 
scratched letters, and the following very well cut inscription in characters 
about an inch high : — 

ROBERT HEDGES 
OF IRELAND 
FEB. 20. 1688. 

On account of the attention which this inscription has attracted and tho 
name in it, the mass of Stalagmite has been named “ The Hedges Bosa.’^ 
It can scarcely be necessary to say that the Committee have left it so far 
intact as they found it. The earlier explorers had broken the Stalagmitic 
Floor all around it, and they, or probably some earlier visitors, seem to have 
contemplated its removal or destruction ; for its apex is broken off, and a hole 
7 inches deep has been bored into it, no doubt with the intention of blasting 
it. In basal circumference it measures about 30 feet ; its present mutilated 
top is about 4 feet high, and tho Floor of Granular Stalagmite from which 
it rises is about a foot thick. It is not possible to believe that Mr. MacEnery 
countenanced the attempt to destroy the Boss, as he attached much import- 
ance to the inscription on it, mentioning it at least four times in his ‘ Cavern 
Researches.’ The efibrt may, no doubt, be ascribed to an earlier period, 
when it is stated by a writer in tho ‘ Monthly Magazine ’ for June 1805, 
twenty years prior to Mr. MacEnery’s first visit, when tho Cavern was open 
to all comers without let or hindrance, that attempts have been made to 
work the stones and spars [in Kent’s Hole], but they do not prove orna- 
mental” 

It is not a little strange that though the name ‘‘ Robert Hedges ” is per- 
fectly legible, Mr. MacEnery not only never so renders it, but actually gives 
it in three distinct forms; twice he speaks of it as Robert Hodges ”t, 
once as John Hodgson J, and once as J, Hodges” §. Nevertheless, his 
description of it is of great value. “ The letters,” he says, “ are glazed 
over and partly effaced ”|i. Again, “ The letters in the inscription are over- 
laid In short, the terms he applied to it are still perfectly apposite, and 
justify the belief that the inscription is as old as it professes to be. The drip 
on it at present is somewhat plentiful in wet weather, and there is no doubt 
that calcareous matter is stiU in course of deposition. Of all the cha- 
racters, the terminal 8 in tho date is probably most in danger of obliteration. 

It was stated in the Tenth Report (1874) that the exploration of the CaVe 
of Inscriptions had been completed up to 16 feet from its entrance, when, the 
mouth of Clinnick’s Gallery being completely exposed, the investigation of 
tho deposits in the latter branch of the Cavern was undertaken. This, as 
already mentioned, was carried on until December 1st, 1874, when the work 
in the Cave of Inscriptions was resumed. 

In that portion of this Cave explored in 1 874, the Committee found that there 

* Monthly Magazine, London, vol. xix. p. 435. 

*t See ‘ Trans. Devon. Assoc.’ vol. iii. (Iti69) pp. 275 and 459. i Ibid, p. 314. 

I Ibid. p. 459. j| Ibid. p. 276. ^ Ibid. p. 459. 
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were no traces of the presence of their predecessors ; that the Granular, or less 
ancient, Stalagmitic Floor was everywhere intact and continuous, and the Crys- 
tal line, or more ancient, Stalagmite lay beneath it; that the latter had been 
broken by some natural agency, and though in some cases the severed portions 
remained in situ^ in others they had been removed and were not always 
traceable ; and that adjacent to the left wall ofihe Cave a wedge-like layer of 
Cave-earth lay in its proper place between the Stalagmites, and was 6 inches 
thick at the wall, but thinned out at about a yard from it, beyond which the 
one Floor lay immediately on the other. This continued to be the case to a 
large extent for the next 18 feet (that is, up to 34 feet from the entrance), the 
only exception being that the broken blocks of Crystalline Stalagmite were 
never dislodged beyond being occasionally ‘‘ faulted ” to the extent of 2 or 
3 inches. At and beyond 34 feet from tbe entrance, traces of .the earlier 
explorers were again met with in almost every part of the Cave, but 
w’ere found to be limited to the breaking up of the Stalagmites and of the 
subjacent deposit to the depth of 12 inches at most. A thin layer of typical 
Cave-earth extended throughout the entire Chamber ; and it was obvious that 
at the time when its deposition commenced the Crystalline Stalagmite did 
not exist as a continuous sheet, for in considerable spaces the Cave-earth 
lay immediately on the Breccia without any Stalagmite between them. 
Though it was not always easy in these cases to determine the exact junction 
of the two deposits, there was no doubt that the upper surface of the Breccia 
was very uneven when the Cave-earth began to be lodged on it. On the 
discovery of objects of interest at or near this doubtful junction, care was 
taken to record them as belonging to the “ Cave-earth and Breccia,’' oven 
though, from their own characters, it was usually easy to refer them to their 
proper deposits and eras respectively. Large blocks of limestone, some of 
them requiring to he blasted, were numerous in this Cave, both in the Stalag- 
mites and below them. 

On its excavation being completed, the Cave of Inscriptions was found to 
extend upwards of 60 feet from north-east to south-west, 45 feet from south- 
east to north-west, and to be upwards of 20 feet high. In the right wall, 
immediately before reaching the Hedges Boss, there is a recess to which lh(i 
name of “ The Alcove ” has been given ; another, in the north-western corner, 
probably leads to an external entrance to the Cavern : in the south-west 
corner is the mouth of the long tunnel known as the “Great Oven;” and 
adjacent to it is a Gully about 3 feet wide at the entrance, and extending 
to an unknown distance but too narrow for exploration beyond a length of 
7 feet. 

Two “ finds ” only were met with in the Granular Stalagmitic Floor : ono 
(No. 6491) consisted of a few bones, including a portion of a large humerus ; 
the other (No. 6495) was a very small bone, probably of Bat, with bits of 
charcoal and of coprolite, all lodged in the same hand specimen of Stalagmite, 
and found 3rd December, L875. 

The Cave-earth yielded 4 teeth of Hyaena, a few gnawed bones, coprolites 
on several occasions, and 1 flint flake (No. 6520). 

At and near the junction of the Cave-earth and Breccia, where they were 
not separated by Stalagmite, 2 right lower jaws and 4 loose teeth of Hyaena, 
38 teeth of Bear, part of a jaw of Fox, 1 incisor tooth of a small rodent, 
numerous bones and fragments of bone, a somewhat large number of copro- 
lites, and 1 flint flake were met with. At least, most of the ursine remains 
may be safely referred to tbe Breccia, whilst all those of the Hysena un- 
doubtedly belong to the Cave-earth. One of the Hyaena-jaws just mentioned 



ON Kent’s cavern^ Devonshire. 


(No. 6570) contains all its teeth except the inner incisor ; but, as is com- 
monly the case with lower jaws of the era of the Cave- earth, it has lost its 
lower border and condyles, and is much gnawed. It was found 14th May, 
1875, with 1 loose canine tooth of the same species, 4 teeth of Bear, and a 
few fragments of bone. The other jaw of Hyaena (No, 6577) has lost the 
two inner incisor teeth and the condyles, and is slightly gnawed, but is 
otherwise entire. It was found on 24th of the same mouth, with 1 loose 
tooth of Hymna, 1 of Bear, and a fragment of bone. The flint flake (No. 
6582), found 1st June, 1875, probably belonged to the Breccia, but was of 
but little importance. 

There were found in the Breccia 82 teeth of Bear, some of them in jaws 
or parts of jaws ; 2 of Lion, in a portion of right upper jaw ; numerous bones 
and pieces of bone, including part of a skull and several other good specimens ; 
and 13 implements, flakes, and chips of flint and chert (Nos. 6525, 6532, 
6540, 6547, 6550, 6552, 6561, 

The Lion’s teeth (No. 6518) are the last two molars. The sockets of the 
canine tooth and of the small tooth immediately behind it still exist, and 
every thing betokens an animal of great size. The specimen, to which a 
considerable quantity of the Breccia adheres, is peculiarly interesting as being 
found ill a deposit in which careful methodical research, continued for years, 
had failed to detect any other osseous remains than those of Bear, with but one 
exception — that, as already stated, being also the lower jaw of a Lion, 
found less than two months before. This interesting relic was met with on 
31st December, 1874, with 2 teeth of Boar, bones and fragments of bone, in 
the second foot-level of Breccia. No feline remains have been detected 
since that date. 

A few only of the Flint and Chert specimens require detailed description. 

No. 6550 ps an implement made out of a well-rolled chert nodule. It is 
somewhat semilunar in form, but broader at one end than the other, and 
measures about 4-4 inches in length, 2-3 inches in greatest width, and 
2*5 inches in greatest thickness, which it attains near the broader or but-end. 
It has undergone a considerable amount of chipping, has been reduced to an 
irregular edge along the greater part of its perimeter, and is comparatively 
thin at the more pointed end. It is very, but unequally, convex on both 
faces, each of which has a central ridge, and retains the original surface of the 
nodule over the whole of the but-end, whence a trace of it extends along the 
central ridge of the less convex face to about an inch from the point. The 
portion of the surface which has been chipped is of a yellowish hue, derived, 
no doubt, from the matrix in which the specimen lay. This, however, is 
but a superficial stain, as there are indications of an almost white colour 
within. This fine implement was found 15th February, 1875, between the 
Hedges Boss and the left wall of the Cave, 36 feet from its entrance, in 
the second foot-level below the surface (that is, in the uppermost foot-level 
of the Breccia), having no other object of interest near it. 

No. 6565 is a chert implement 3-7 inches long, 2*7 inches in greatest 
breadth, and 1*7 inch in greatest thickness, which it attains not far from 
its centre. It has unfortunately lost one of its extremities, apparently 
broken off whilst the tool was being made. It is very, perhaps equally, 
convex on each face, but the centics of convexity are not opposite one 
another ; and though obviously made from a nodule, not a flake, no part of 
the original surface remains. A consideiable amount of work has been 
expended on it, and it has been reduced to an edge all round the perimeter 
except at the broken end. The marginal edge is neither keen, nor regular, 



10 


REPORT — 1875. 


nor in the same continuous plane. There can be little doubt that it was 
intended to be a somewhat pointed oToid tool, and that had it been perfected it 
would have been more symmetrical in form than the Breccia tools are usually. 
Its colour is whiter than that of most of the implements found in the same 
deposit, in which respect, as well as in its shape and the absence of any trace 
of the original surface, it closely resembles the implement No. 6103, found 
in the ^‘Long Arcade,*^ 7th May, 1873, and described in the Ninth Eeport 
(1873). This specimen was met with on 13th April, 1875, in the second 
foot-level of the Breccia, without any other object of interest near it, 47 feet 
from the entrance of the Cave of Inscriptions. 

No. 6581 is a flint flake, struck from a rolled nodule, round at one end, 
abruptly truncated at the other, and reduced to an edge along both lateral 
margins. It is 2*2 inches in greatest length, 1*6 inch in greatest width, and 
•6 inch in greatest thickness. The inner surface is very irregular ; the outer 
has three longitudinal facets ; the lateral margins are somewhat sharp but 
slightly jagged as if from use ; both ends are blunt, and the “ but ” retains the 
original surface of the nodule. Its colour is the warm yellow so characteristic 
of most of the specimens found in the Breccia ; but there are indications 
that the interior is white. It was met with on 29th May, 1875, in the 
second foot-level of the Breccia, 57 feet from the entrance of the Chamber. 

The Gully in the south-west corner of the Cave of Inscriptions, already 
mentioned, was so narrow as to render it impossible to excavate the deposits 
occupying it'in “parallels,’’ “levels,” or “yards.” The specimens found 
in it, however, were only 2 teeth of Bear, a few pieces of bone, and a 
coprolite. 

The earlier explorers had, as usual with them, imperfectly examined the 
material they dug up in this branch of the Cavern, and then thrown it on one 
side. On taking it to the daylight the Committee found in it 19 teeth of Bear, 
12 of Pox (of which 10 occupied portions of three lower jaws), 9 of Hyaena 
(two of them being in part of a lower jaw), 2 of Horse, and I'of Ehinoceros, and 
a large number of bones (some entire but most of them fragmentary), numerous 
coprolites, a fragment of a marine shell, and 6 flakes and chips of flint. 

The exploration of the Cave of Inscriptions was completed on 14th June, 
1875, having occupied the labour of between 8 and 9 months. 

The following is a list of the specimens found in it in undisturbed ground, 
inclusive of those mentioned in the Tenth Eeport (1874) : — 

In the Granular, or least ancient, Stalagmitic Floor : 1 bone of Bat (?), a 
few bones, a few patches of coprolite, and a bit of charcoal. 

In the Cave-earth : 27 teeth of Hyaena, several of them in jaws or parts of 
jaws ; 11 of Bear ; 1 of a small rodent ; 1 jaw of Pox ; numerous bones and 
fragments of bones, of which 6 had been charred and still more had been 
gnawed ; a large number of “ finds ” of coprolites ; and 7 tools, flakes, and 
chips of flint and chert. 

In the Breccia : 321 teeth of Bear, some of them in jaws and parts of 
jaws ; 2 of Lion, in parts of an upper jaw ; and 20 implements and flakes of 
flint and chert. 

The Recess, — On completing the exploration of the Cave of Inscriptions, 
operations were at once commenced in the Eecess occupying its north- 
western corner, which, as already stated, was expected to lead to a new 
external entrance to the Cavern. The following are the grounds on which 
this expectation was founded : — At the entrances at present known, on the 
eastern face of the Cavern hill, and termed the “ Triangular ” and the 
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“Arched’’ entrances, the Cave-earth, or least ancient of the two great 
mechanical accumulations, is at a high level and of great depth. Thence it 
slopes rapidly downwards in all directions open to it, and at the same time 
decreases in depth, until reaching the remote end of the “ Lecture Hall ” 
towards the south and the bottom of the “ Sloping Chamber ” towards the 
west. From these facts it has been concluded that the Cave«earth entered 
the Cavern through the existing and known entrances. Beyond the foot of 
the slopes just mentioned, the levels are found to be no longer governed by 
the Cave-earth but by the Breccia (that is, the underlying or more ancient 
deposit) ; and there is in each case an acclivity, instead of a declivity, on pro- 
ceeding further and farther into the Cavern — comparatively short and abrupt 
from the Lecture Hall to the Water Gallery on the east, but long and gentle 
from the Sloping Chamber to the Recess, now under notice, on the west. 
These acclivities apparently indicate that the Breccia entered the Cavern 
not, like the Cave-earth, through the apertures on the eastern side of the 
hill, but through an opening or openings on the western side ; and the same 
line of argument points out the Recess in the north-western comer of the 
Cave of Inscriptions as more likely than any other part of the Cavern to 
lead to such an external entrance. 8o far as they can be studied, moreover, 
its own characters support this hypothesis. The Recess extends in a north- 
westerly direction for fully 60 feet, and is of sufficient width for a man to pass 
easily ; beyond this its extent is considerable, but at present is too narrow 
for any one to examine it. Its Floor, a thick sheet of the Crystalline, or 
more ancient, Stalagmite, is abruptly truncated at the junction of the Recess 
with the Cave of Inscriptions. Finally, this Floor covered and rested on a 
thick mechanical accumulation, which is unmistakable Breccia and reached 
a higher level than elsewhere in the Cavern, so far as is known at present. 

The exploration of the Recess was begun on 15th June, 1875; and as it 
was decided to leave intact the Stalagmite Floor just mentioned, in fact to 
burrow under it, it was necessary to cut the successive “ parallels ” 5 feet 
deep instead of the usual 4, in order to give the men height enough for 
working. During the progress of the work a hole was bored through the 
Floor overhead, when it was found to be pure Stalagmite, 18 inches thick. 
When the excavation had reached a distance of 10 feet, the two walls Were 
found to be so very nearly together as to render it necessary to abandon the 
work, or to break up the Floor and proceed at a higher level. The former 
course being, though reluctantly, decided on, the work was suspended on 
Gth July, 1875. 

The only objects of interest found here were 2 teeth of Bear, 3 “ finds ” of 
bones, and 1 piece of flint (No. 6590) of no importance. 

The Alcove , — The exploration of the Alcove or recess near the Hedges 
Boss, already mentioned, was begun on 7th July, 1875, and finished on 26th 
of the same month, or at the end of about 3 weeks. When emptied, it proved 
to be scarcely lofty enough, from limestone floor to limestone roof, for an 
ordinary man to stand erect, to measure about 10 feet both from north to 
south and from east to west, to be divided into two compartments, a northern 
and a southern, by a limestone partition extending almost completely across 
it, and to have two entrances from the Cave of Inscriptions. The earlier 
explorers had partially ransacked the northern compartment, but had not 
entered the southern, in which a Floor of Stalagmite almost reached the roof. 
Beneath this Floor, and without any trace of Cave-earth, lay the Breccia, 
never exceeding 3 feet in depth, and resting on the limestone floor. 
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39 fiads ” of remains of Mammals were met with in the Alcove, including 
69 teeth of Bear (several of the min portions of jaws), 16 of Fox (all of them 
in portions of three lower jaws), 4 of Hyaena, numerous bones (including 
several good specimens, though all of them were more or less fragmentary), 
and 1 coprolite. The teeth of Hyaena, 2 of the jaws of Fox, and the coprolite 
were met with at the junction of the northern compartment and the Cave of 
Inscriptions, amongst fallen masses of limestone, where neither the character 
of the deposits nor the exact position of the speemiens could be determined. 
The remaining jaw of Fox, however (No. 6619), was found in the Breccia; 
it was broken into two pieces, which lay together and contained 5 teeth. 
This specimen, the only known relic of the genus in this old deposit, was 
found at the inner or eastern end of the southern compartment, in the 
second foot-lcvcl of Breccia, with remains of Bear, 17th July, 1875. It may 
not be out of place to remark that remains of the Common Fox {Canis wipes) 
have been identified among the Mammalian relics from the Forest-bed under- 
lying the Boulder-clay on the coasts of Norfolk and Suffolk 

In proportion to the volume of the deposit it contained, the Alcove was far 
richer in osseous remains than any part of the Cave of Inscriptions, of which 
it is an adjunct. It is worthy of mention, perhaps, that it contained no 
trace of flint or chert. 

The Great Oven , — The passage or tunnel opening out of the south-west 
corner of the Cave of Inscriptions is very long and narrow, and so low that 
a considerable portion of it can only be traversed on all-fours or in a crouching 
posture. It connects the Cave of Inscriptions with the ‘‘ Bear’s Den,” which 
the Committee have not yet explored, and has been termed the Oven,” 
partly from its very contracted breadth and height, but mainly because a 
vertical section of a considerable part of it at right angles to its length 
closely resembles the small earthenware ovens much used formerly in the 
two south-western counties. It has received the epithet Great to distinguish 
it from a similar but still more contracted tunnel in another part of the 
Cavern, and known as the Little Oven.” 

The excavation of the Great Oven was begun 27th July, 1875, and at the 
end of that month, beyond which this Keport does not extend, it had been 
completed to 4 feet from the entrance. Like the Cave of Inscriptions, it 
contains a thin layer of Cave-earth, with Breccia beneath it of unknown 
depth. Two finds ” have been met with in the former, containing 1 tooth 
of Hyaena and a few bones ; and 9 in the latter, including 6 teeth of Bear 
and several pieces of bone. 

On studying the osseous remains found by the Committee in the Breccia 
in the various branches of the Cavern they have explored during the last 
twelve months, the following prominent facts arrest attention : — Some of the 
teeth of Bear are those of very old animals, and worn almost to the fang, 
such as No. 6597 from the second foot-level. No. 6608 from the second foot- 
level, No. 6611 from the fourth foot-level, and No. 6618 from the second 
foot-level, all found in the southern compartment of the Alcove during July 
1875. The jaws, though frequently broken, have never lost their lower 
borders, as is almost uniformly the case with the Cave-earth specimens ; 
and none of the bones appear to have been gnawed. In no instance were 
the bones found lying in their anatomical relations, but different parts of 

* See * Cave Hunting.’ By W. Boyd Dawkins, M.A., F.K.S., F.G.S., F.B.A. 1874, 
p. 418. 
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the skeleton were often huddled confusedly together; thus in Ko. 6613, 
found in the second foot-level in the southern compartment of the Alcove, 
15th July, 1875, a canine tooth adheres to one side of the proximal end of a 
tibia, and a piece of jaw to another side. Some of the specimens have 
fretted surfaces, and appear to have been rolled by running water ; this is 
notably the case with Nos. 6608 and 6615, found in the second and first foot- 
levels, in the southern compartment of the Alcove, on 12th and 16th July, 
1875, respectively. Many of the bones were broken where they were finally 
lodged, and the parts, with little or no displacement, reunited with Stalag- 
mitic infiltration ; as, for example, Nos. and found in the first 
foot-level in the branch of the Cavern just named, 17th July, 1875. Others 
appear to have been flattened and more or less crushed where they lay, of 
which there is a striking example in the distal end of a left femur, No. 6530, 
found in the first foot-level in the Cave of Inscriptions, 34 feet from its 
entrance, 12th January, 1875. Occasionally the same rock-like mass of 
Breccia contains bones of very different colours ; thus No. 6603 is such a 
mass, containing portions of two bones not half an inch apart, each acci- 
dentally broken across ; and whilst one is of a creamy whiteness throughout, 
the other is a very dark brown, approaching to black. It was found in the 
second foot-level in the Alcove, 9th July, 1875. This specimen, by no means 
unique, shows that contemporary bones lying side by side may be of very 
difierent colours. 

Nor are the remains met with in the Cave-earth void of instruction. Up to 
the present time, wherever the Cave-earth has been met with, there also have 
traces of the Hyoena been found, either in the form of parts of his skeleton, 
or his coprolites, or bones scored with his teeth-marks, or jaws divested of 
their lower borders, or long bones broken after his well-known and recog- 
nizable fashion. But though everywhere present in greater or lesser 
numbers, these traces became less and less plentiful with increased distance 
from the external entrances to the Cavern, and were very few and far 
between in the Cave of Inscriptions — the Chamber most remote from the 
entrances. Whilst the remains of the Hya3na were thus met with wherever 
the Cave-earth occurred, they were in the interior accompanied by those of 
veiy few of his contemporaries. Thus, whilst the Chambers adjacent to the 
entrances contained teeth and bones of Horse, Ilhinoceros, Deer (several 
species), Bear, Fox, Elephant, Ox, Lion, Wolf, and Hare, as well as Hyaena 
(the latter being far the most prevalent), there have been found during the 
last twelve months in the Cave-earth remains of the Hyaena alone. Nor is 
it without interest to note the branches of the Cavern in which remains of 
the difierent forms just enumerated were last detected, so far as is at present 
known, on the way to the Cave of Inscriptions. The Hare has not been 
found anywhere in the Western Division of the Cavern — that of which the 
Cave of inscriptions is the innermost Chamber; the Badger, Wolf, and Ox 
were represented in the “ Charcoal Cave,” but not beyond it ; and relics of 
Horse, Bhinoceros, Deer, Bear, Fox, Elephant, and Lion have not appeared 
beyond the Long Arcade. 

Finally, no traces of MacJiairodus have been met with since the incisor 
tooth found 29th July, 1872, and described in the Eighth Eeport (1872), 
presented at Brighton. 
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Seventh Report of the Committee, consisting of Sir W. Thomson, FM.S,, 
Professor Eveeett, Sir Charles Lyell, Bart,, F.R,S,, Professor 
J. .Clerk Maxwell, F,R,S., G. J. Symons, F.M.S., Professor 
Bamsay, F.R.S., Professor Geikie, F.R.S,, James Glaisher, 
FM,S,, Rev. Dr, Graham, G. Maw, F,G,S,, W, Pengelly, 
FM.S,, S. J. Mackie, F.G.S,, Professor Hull, F.R.S,, Professor 
Ansted, F.R.S., and Professor Prestwich, F,R,S., appointed for 
the purpose of investigating the Rate of Increase of Underground 
Temperature downwards in various localities of Dry Land and 
under Water^, By Professor Everett, D,C,L,, Secretary, 

A YEW weeks after the reading of last year’s Report, another set of observa- 
tions was received from Messrs. Mauget and Lippmann, the engineers of the 
great artesian well now sinking at La Chapclle, Paris. The water had been 
undisturbed for a year, this time having been occupied in preparations for 
tubing the well through its entire depth. 

The exceptionally rapid increase of temperature in the lower part of the 
well, as indicated in the previous observations, had given reason to suspect 
that the heat generated by the action of the boring-tool was an important 
disturbing element. It is now manifest that this suspicion was correct ; for 
the bottom temperature (660 metres deep), which was 83°*25 Pahr. in the 
observations of June 1862, is only 76*^ Pahr. in the observations of October 
1868, or colder than before. At the depth of 600 metres the tem- 
perature was 75°-8 and 75®‘4 in the two observations of June 1862, and 
75° in the observation of October 1863, or about half a degree colder than 
before. 

At the depths of 500 metres and 400 metres there was no change and 
at the depths of 300 metres, 200 metres, and 100 metres there was an 
increase amounting to 0°’5 at 300 metres, 0°’8 at 200 metres, and 1 °*5 at 
100 metres. 

In explanation of the increase at these smaller depths, Messrs. Mauget and 
lippmann remark: — ‘‘When last year’s observations were made tho well 
had been tubed to the depth of 139T5 metres, but had not been cemented. 
Consequently the springs which were met with in the tertiary strata com- 
municated at the base of the tubes with the water of the well. Cement has 
this year been poured in between all the tubes some days before taking the 
temperature of tho water. This operation has excluded the tertiary springs 
and permitted the water of the well to resume its normal temperature.” 

The new temperature 59°*5 at 100 metres, combined with the new 
temperature 76° at 660 metres, gives 1° Pahr. for 34 metres, or for 111 feet. 

The old temperature, 58 at 100 metres, combined with the new temperature 
76° at 660 metres, gives 1° Pahr. for 31 metres, or for 102 feet. 

The temperature 53°T in the caves of .the Paris Observatory, at the 
depth of 28 metres, combined with the tentperature 76° at 660 metres, gives 
1° Pahr. in 27’6 metres, or in 90*5 feet. 

All these results differ largely from previous determinations of the rate of 
increase in the neighbourhood of Paris, which were very harmonious among 
.themselves, and gave a rate of 1° Pahr. in 56 feet (see 1871 Report). 

The only source of error that appears possible in the La Chapelle observa- 
tions is convection by vertical currents in the well. Such action is certainly 

• Read at the Belfast Meeting, 1874. 
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favoured hj the large diameter of the well (1*35 meire at the smallest), and 
may have been further promoted by the same cause which stopped the works 
and rendered tubing necessary — namely, caving in. « 

Herr Johann Grimm, Director of the School of Mines at Przibram in 
Bohemia, has furnished some valuable results from observations made by 
himself in the year 1830, and again in 1854-55, in the deepest mines of 
that district. 

The observations in 1830 showed a temperature E. at a depth of 
1127*4 Austrian feet, as against a temperature 7®*34 at 66 feet. The dif*- 
ference here is 4°*56 E. in 1061*4 Austrian feet, or 10°*26 Fahr. in 1100 
English feet, which is at the rate of 1® Fahr. in 107 English feet. 

The observations in 1854-55 showed a temperature of 13®*03 E. at a 
depth of 1832*3 Austrian feet, as against 7°*05 E. at 66 feet. The dif- 
ference here is G®*03 E. in 1766*3 Austrian feet — that is, 18®*57 Fahr. in 
1832 English feet, which is at the rate of 1® Fahr. in 135 English feet. 

The following is a tabular statement of the results obtained at different 
depths in the observations of 1854r-55 .* — 


Name of Gallery. 

Depth below 
shaft-brace. 
Austrian feet. 

Temp in 
deg. Reaum. 

Depth in 
English ft. 

Temp, in 
deg. Fahr. 

Joseph Maria 

66*0 

7*05 

68 

47*9 

3rd Maria 

288*6 , 

7*45 

299 

48*8 

7th Adalbert 

599*3 

8*30 

621 

60-7 

9th „ 

004-8 

11*45 

939 

57*8 

13th 

1244*4 

11*70 

1209 

58*3 

17th ,, 

1362 8 

12*20 

1414 

59*4 

19th „ 

1591*9 

12*98 

1652 

61*2 

21st „ 

1832-3 

13*08 

1900 

61*4 

Taking the differences 

of successive numbers in 

the last two 

columns, 


deduce the following rates of increase : 


In the first 68 feet . . . 

Unknown. 

In the 

next 231 

„ ... 

. . 1° per 

260 feet, 

jj 

322 

,, ... 

. . 1° per 

170 „ 

ii 

318 

,, ... 

1° per 

4S „ 

3f 

351 

,, ... 

. . 1® per 

700 „ 


124 

„ ... 

1® per 

no „ 

9J 

238 

,, ... 

. . 1° per 

132 „ 

9i 

248 

„ ... 

1° per 

1400 „ 


1900 





If we had omitted the' last 248 feet from the reckoning, the average rate 
of increase would have been 1® for 120 feet. 

The following explanatory remarks are extracted nearly verbatim from 
Herr Grimm’s letters : — 

The depths of the shafts in these mines, and specially of the Adalbert 
and Maria shafts, you can see from the annexed Table [Section annexed, 
showing fifteen shafts]. The Adalbert shaft is sunk perpendicularly to the 
depth of 470 Tienna fathoms s= 891*5 metres from the shaft-brace to the 
bottom of the shaft. 

“ I have to remark that, for the obserrations of the temperatures, such 
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levels and places were selected as were far from the workings and from all 
eircnmstanoes which could cause a change of the temperature of the rock. 
The temperature was pbserved on thermometers put in bore-holes of 2 feet 
depth, which were bored in idle rock free of any particles of iron pyrites 
and far from all lodes. Through the whole time of the experiment, in 
summer and winter, the temperature of the rock on each level remained, 
excepting only some very small variations, nearly without change. 

“ Prom the Table it will be seen that the increment of heat by descending 
in the mines is much smaller than in the mines of other localities. The 
reason of it may be looked for in the quality of the rock, which, belonging 
to the beds of the Lower Silurian formation, is very quartzose and free of 
any particles of iron pyrites. 

The temperature in the bore-hole remained, by the observations made 
throughout the whole year 1830, without a change, as the bore-hole (which 
was closed up with a piece of clay) kept always the equal temperature of the 
rock. Even in the year 1854-55, when the observations in the higher levels 
were repeated and the same bore-holes used, the temperature remained the 
same. 

“ The shaft-braces of the different shafts differ very little in height, as you 
have seen from the sketch sent to you, and all of them are situated on lofty 
hills. My observations of the increase of heat have all been made near the 
Adalbert shaft, on the different levels ; and the difference from the tempera- 
ture on the same levels in the other mines can only be trifling.’’ 

These observations appear to be thoroughly reliable, and to prove con- 
clusively that the rate of increase in this locality is remarkably slow. Even 
after applying a large conjectural corn^-etion for the convexity of the ground, 
as connected with the fact above stated that all the shaft- braces “ are situated 
on lofty hills,” the rate of increase will still remain slower than any that we 
have hitherto discussed. Prom the description of this rock, considered in 
connexion with the description given of the rocks in the Mont-Ccnis Tunnel 
(1871 lleport), it would appear that highly quartzose rock is characterized 
by a slow rate of increase — an index probably of high conductivity*. 

Purther observations will be taken by Herr Grimm with two thermometers 
which have been supplied to him by the Committee. One of them is a 
maximum protected Negretti, the other a simple mercurial thermometer 
with a large bulb. 

Several instruments of this latter kind have been constructed for the Com- 
mittee during the past year, with a view to observations similar to those 
above described by Herr Grimm. The objects aimed at in the construction 
are, slowness of action, combined with facility for reading with quickness 
and certainty in a bad light. 

It was stated in last year’s Report that M. E. Sadoine, Director-General of 
the mines of the Socicte Coequerii at Beraing, near Liege, had consented to 
have observations taken in the mines of-that company. A Negretti maximum 
thermometer was accordingly sent in September 1 873, and at a later date 
(March 1874) a non-registering unprotected thermometer. The following 
results, obtained with the maximum thermometer, have been communicated 
by the chief engineer of the collieries. The observations were made in 
December 1873. 

* Added September 1875. This inference as to the high conductivity of qiiartzj pub- 
lished a year ago, is verified by the direct experiments of Professpr Herschel (see Report 
on Conductivity of Rocks in the present volume). Quartz was found to be the best 
eonduotor of all the rooks experimented on. 
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Name of Colliery. 

Marie 

Do 

Henri Guillaume . 


Depth in 
metres. 

. 232 
. 310 
. 605 


Temperatures Fahrenheit. 


Surface. 

59 '’ 

56 

45 


Air in Book in 
gallery. hole, 
ygo 770 

77 78 

77| 87 


The site of the two collieries in question is on the banks of the Meuse. The 
observations were made at the bottom of holes 5 centimetres in diameter and 
5 metres deep, bored at the ends of galleries 6 feet high and 6 feet wide, 
the material of the rock being coal-schist {des schist es houillers). The ther- 
mometer remained in each hole twenty hours. The holes at the depths of 
232 metres and 310 metres are almost vertically beneath the bed of the 
river. The hole at the depth of 505 metres is about 900 metres from the 
river. The coal-bearing strata are covered with 8 or 10 metres of gravel, in 
which the bed of the river is contained. 

Comparing the first and last of the above observations, we have an 
increase of 10° Fahr. in 273 metres, which is at the rate of 1° Fahr. in 
27*3 metres, or in 90 feet. 

The temperature of the ground near the surface can bo approximately 
inferred from Quetelet’s observations at Brussels, which is about 50 miles 
distant from Seraing, and about 10 miles further north. Quetelet found the 
ground, both at the depth of 12 feet and of 24 feet, to have a mean annual 
temperature of 12° Cent., or 53°*6 Fahr. If we accordingly assume at 
Seraing a temperature 54° Fahr. at the depth of 5 metres, we have, by com- 
parison with the temperature 87° at 505 metres, an increase of 33° in 500 
metres, which is at the rate of 1° Fahr. in 15-2 metres, or in 50 feet. 

It was mentioned in the 1872 Keport that four thermometers had been 
sent to the School of Mines at Ballarat, Australia. A communication has 
recently been received from the Vice-President (his Honour Judge Bogers), 
enclosing a report of observations taken at Clunes, in the mine of the New 
North Clunes Company, by Mr. John Lewis (the Company’s general manager), 
and promising a report of observations from the Stawcll Mine by an early 
mail. Both mines are about 1000 feet deep. 

Mr. Lewis’s observations were taken in twelve bore-holes, each 3 feet 
deep, which were filled with water four or five hours previously, and the 
thermometer (a large non-registering mercury thermometer) was allowed to 
remain in the hole for thirty minutes before reading. The depths from the 
surface of the ground vary from 160 feet to 1015 feet. It appears that 
sufficient precautions were not taken to exclude atmospheric influences, by 
plugging the holes and avoiding places where the currents of ventilation were 
strong. The temperatures recorded in all the bores, except one, appear to 
bo thus vitiated, and are very variable from time to time. 

The one bore to which these remarks do not apply is designated ^‘bore 
No. 10,” is at a depth of 790 feet from the surface, and is described as 
“ being in a cross cut without any circulation of air.” The temperatures 
observed in it, in the four observations recorded, were 72°’6, 72°*5, 72°-5, 
and 72°*5, the temperature of the air in its vicinity being 73°*6, 73°, 73°, 
and 73°. 

Mr. Symons has furnished additional observations made at the depth of 
1000 feet in the Kentish-Town well, but recommends that their publication 
bo deferred for the present, as better observations are expected during the 
ensuing year. The hut which covers the well has been repaired, and tl^e 
1875, C 
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apparatus employed in the observations has been thoroughly cleaned and put 
in order. 

In answer to an application addressed to the director of the School of 
Mines at Schemnitz, in Hungary, a letter was received, under date Novem- 
ber 1873, from Herr E. Poschl, Counsellor of Mines, and Professor of 
Mining Mechanics and Drawings (the director being absent), requesting 
that thermometers might bo sent. A second letter was received from the 
same gentleman, dated December 26, 1873, acknowledging the safe arrival 
of the thermometers (one a Ncgretti maximum protected, the other non- 
registering and unprotected), and stating that the observations would at 
once ho commenced, under the direction of a joint committee of professors of 
the Mining Academy and members of the Directory of Mines. 

Professor Henry, of the Smithsonian Institution, Washington, wrote, 
under date February 3, 1874: — “You will oblige us by sending us three 
sols of guarded registering thermometers, suitable for observations of tem- 
perature of artesian wells of a diameter of 3 inches. We learn that there 
arc in the vicinity of Chicago sixty wells varying from 600 feet to 1500 
feet in depth, included within an area of six miles square. Their elevation 
above the level of Lake Michigan, as well as the quality of the water they 
furnish, are very nearly alike. Wo shall send a set of these instruments to 
a trustworthy engineer of Chicago.’’ . . . 

In accordance with this request, three i)rotccted maximum thermometers 
have been sent. 

No successful observation has yet been made in the Sub-Wealdcn boro 
nor in the well at Witham, No report has been received from Harwich, 
from Anzin, from the Hoosac Tunnel, nor from the Mont-Cenis Tunnel. 

^ As regards the St.-Gothard Tunnel, the absence of Professor Ansted has 
hitherto delayed the carrying out of the resolution adopted by the General 
Committee last year (see lieport for 1873, p. Iviii, last paragraph); but 
action will probably bo taken very speedily. 


Report of the Committee, consisting of Professor Huxley, 

P. L. ScLATER, F.R.S,j F. M. Balfour, J. Gwyn Jeffreys, 

Dr, M. Foster, F.R.S,, E. Kay Lankester, F,R,S,f and A. G. 
Dew-Smith [Secretary), on the Zoological Station at Naples. 

At the Bradford Meeting of the Association the Committee on Zoological 
Stations was able to report (see Association Keports, 1873, page 408) that 
the building of the Zoological Station at Naples had been completed; but it was 
naturally obliged rather to describe the arrangements made for carrying out 
the objects of the Station than to dwell on the work which had been actually 
done. 

The present Committee, however, can now congratulate the Association 
that, during the two years which have elapsed since the Bradford Meeting, a 
scientific undertaking of cosmopolitan character, in which the Association 
has taken a lively interest, and which it has in so many ways assisted, has 
proved an undeniable, indeed it might be said a brilliant success. The actual 
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difficulties and obstacles have, no less through the great energy of Dr. Dohrn 
than through the help afforded him from time to time, been overcome ; and 
the future of the Station seems in every way bright and promising. 

The facts which form the subject of the present lleport will best be con- 
sidered under distinct heads : — 

1. The Nature and Extent of the worhing accommodation at the Station. 

At the present time there are in the Station twenty-one working-tables, 
the number of which will by the end of the year be increased to twenty-four ; 
of these no less than seventeen are already occupied or bespoken. 

Each table is in itself a condensed laboratory ; and the nature of the ac- 
commodation offered by the Station to any investigator will perhaps best be 
shown by the following extract from the form of contract between Dr. Dohrn 
and the hirer of the table. 

a. The working-table, fully equipped, will be placed at the disposal of the 
inquirer nominated to occupy it after the interval of a week from the an- 
nouncement of his coming. 

The equipment consists of : — 

3 . The necessary chemical reagents. 

2. The ordinary anatomical and microscopical tools and apparatus. 

3. Drawing-apparatus. 

In detail these are as follows : — 


Reagents. 

Alcohol, 70 per cent. 

„ 90 per cent. 

,, absolute. 

Distilled water. 

Muller’s fluid. 

Potassic bichromate, 5 per cent. 

Calcic chloride, 

Potassic acetate. 

Alum. 

Gold chloride, 1 per cent. 

Silver nitrate, 1 per cent. 

Chromic acid. 

Perosmic acid. 

Hydrochloric acid, pure. 

Acetic acid (concentrated). 

Picric acid. 

Oxalic acid. 

Nitric acid (concentrated). 

Sulphuric acid (concentrated). 

Caustic soda. 

Caustic potash. 

Caustic ammonia. 


Olive- oil. 
l^ure fat. 

Turpentine. 

OH of cloves. 

Creosote. 

Chloroform. 

Ether. 

Glycerine. 

Tincture of iodine. 

Berlin blue solution. 

Canada balsam. 

Gum-arabic. 

Beale’s carmine solution. 
Ilmmatoxylin solution. 

,, ,, alcoholic. 

Magenta. 

Picrocarmine. 

Cement. 

Wax. 

Paraffin . 

Spermaceti. 


Section- cutting knife. 

2 pairs forceps. 

3 pairs scissors* 


Instruments. 

3 scalpels. 

2 preparation-needles. 
2 dozen needles. 

c2 
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Drawing- Apparatus. 


1 Drawing-tablet. 

6 Drawing-pins. 

4 Drawing-pencils. 
Blotting-paper. 
Colour-box and brushes. 


Buie. 

Drawing- iiistniincnts. 
3 gold pens. 

Ink eraser. 


Ghxss Instruments. 


1 dozen simple glass slides. 

1 large hollowed glass slide. 

1 small oval hollowed glass slide. 
1 trough object-holder. 

50 thin cover-glasses. 

1 lamp. 

1 measure-glass. 

1 pipette. 

3 glass tubes. 


3 glass rods. 

6 stoppered bottles. 

1 wflsh-bottle. 

1 tray with rengents. 
3 beakers. 

5 glass plates. 

1 microscope-shade. 

1 instrument-shade. 


2 porcelain capsules. 

3 paint-saucers. 

1 dozen filter-papers. 
1 preparation- trough. 
1 can. 

1 washing-basin. 


Miscellaneous. 

2 towels. 

1 slate. 

India-rubber tubes. 

2 portable tanks for holding 
smaller animals. 


The Station also possesses : — 

a. A number of special instruments and pieces of apparatus which are not 
in general use, but only required occasionally. These accordingly arc not 
supplied to each table, but are regarded as belonging to all the tables in 
common. 

Microscopes are not provided, it being supposed that each investigator 
will possess an instrument of his own, to the use of which he is accustomed. 

h. Each working-table is provided with a number of working experi- 
mental aquaria, and with a constant stream of sca-water ; these are entirely 
at the disposal of the occupant of the tabic for his investigations. 

c. The animals serving as materials for study arc provided by the Station, 
and as constant a supply as circumstances will admit is kept up during the 
investigation. Not only so, but the occupant of the table can, if he pleases, 
take home with him, on his departure from Naples, a number of scientifically 
preserved specimens, to enable him to complete or continue his research. 

The extent of this supply of animals is of course dependent on the variety 
(or abundance) of the specimens and the concurrent demands of other 
investigators. 

d. The large aquarium of the Station can be used freely by the occupants 
of tables for suitable purposes ; for instance, for the study of the habits of 
animals. 

e. The Library * (the catalogue of which has been sent to all academies 
and universities), placed close to the Laboratory, is accessible to all occupants 

^ The Library has already, even in so short a time, become a fairly extensive one, 
being especially rich in embryological works. A copy of the Catalogue may be seen in 
Siebold and KolUker’s ' Zeitsohrift,’ Bd. xxv, Dr. Dohrn will thankfully receive additions, 
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of tables. There is also a separate room for making extracts and pre- 
paring MSS, 

/. The laboratory is open at 7 a,m. in summer and 8 a.m, in winter. 
In particular cases special arrangements can be made for access at unusual 
hours ; but the staff cannot undertake to have the Laboratory cleaned before 
the above-mentioned times. 

(j. Any occupant of a table is free to accompany and take part in the 
fishing- and dredging-expeditions of the Station. Ho may thus learn the use 
of the dredge and the towing-nct and the other means employed for pro- 
curing specimens. 

A. The cost of the ordinary wear and tear of the instruments and appa- 
ratus is borne by the Station to the extent of 20 francs. Damages to a greater 
extent than this must be paid for by the occupant of the table. 

The working-tables thus equipped and disposed in several rooms constitute 
the Laboratovy of the Station ; and of these, of course, the interest and im- 
portance are purely and exclusively scientific. 

The large aquarium on the ground-floor has, on the other hand, a double 
function. It is partly a popular exhibition, and the payments of visitors consti- 
tute a not inconsiderable and, it is to be hoped, an increasing item in the in- 
come of the Station. It serves also as a large field of observation for scientific 
investigators desirous of learning something about the habits of animals. 

When our great ignorance on this subject is considered, in relation to the 
morphological importance with which the theory of natural selection and 
descent has invested even apparently small details of the working of animal 
economies, the large aquarium may, after all, seem no loss a laboratory than 
the working-table. 

It will of course be understood that the general public, who are admitted 
on payment to view the large a(]uarium, are carefully excluded from the 
laboratories proper, though the occupants of tables in the latter have free 
access to the former. 

The staff of the Station consists of : — 

a. Dr. Dohrn, the general director. 

h. Dr. Eisig, who has direct command of the laboratory, and whose duty 
it is to superintend all the arrangements of the tables, to arrange for the 
providing of the material, and to preside over the distribution of instruments 
and reagents. In Dr. Dohrn’s absence Dr. Eisig acts as his substitute. 

There are also two other scientific assistants, one to superintend the large 
aquarium and the fishing, the other to arrange for the collection and pre- 
servation of animals for the use of the Station or for distribution abroad. 

c. Three engineers, four house servants, and four fishermen. 

Such are the general arrangements of the Station for scientific work; and 
your Committee can report (from the personal experience of two of their 
number during the past winter) that these arrangements are carried out in 
a thoroughly satisfactory manner. 


2. The nature of the worlc for the carrying on of which the Station offers 

facilities, 

a. Investigations into the morphology and embryology of Marine Animals , — 
It is needless to say much on this point. The advantages, first, of an 
organization to secure the animals which it is desired to study, and, secondly, 
of a laboratory in which to work on the animals thus obtained, are too 
obvious to require pointing out. 



KEPORT— 1875. 


22 


We might, however, remark, as a caution, that the Station cannot provide 
marine animals which do not visit the neighbourhood of Naples ; and more- 
over, seeing the strange coming and going of pai'tioular forms at various 
times, cannot undertake to provide certain animals at all times. 

For instance, the investigator who desires to study Fyrosoma must visit 
Naples at the same time as does the object of his study, otherwise it will be 
impossible for the Station to procure him living examples. 

h. Physiological investigation of Marim Animals, — This branch of study, 
little worked at present, will probably afford rich results in the future. 

c. Study of the habits of Marine Animals. — Of the importance of this wo 
have already spoken. 

d. Systematic investigation of the Marine Fauna and Flora of the Medi-^ 
ierranean in the vicinity of Naples — In spite of all that has been done in 
this direction much yet remains to be done. Possibly few tasks seem more 
promising than a thorough systematic and long-continued dredging of the 
Bay of Naples and the sea around. The results of such an inquiry would bo 
valuable not only to the systematic zoologist and to the student of the 
distribution of animal life, but also indirectly to the morphologist and to the 
Statittn, as affording certain information as to where and when particular 
animals may be obtained, and an exact knowledge of the generic and specific 
nomenclature of the forms studied. 

On this head we might call attention to the interesting problems connected 
with the periodic appearance and disappearance of certain animals in shoals 
or large numbers — problems which have already attracted the notice of the 
residents at the Station, and which can only be successfully attempted by 
long-continued observations at the same place. 

Animal forms naturally occupy the chief attention at the Station, but no less 
facilities are ofiPered for the study of marine vegetable forms. This is suffi- 
ciently indicated by the fact that Prof. Cohn, of Breslau, and Dr. Reineke arc 
about to visit the Station next session to carry on algological researches. 

e. The Station offers also no mean opportunities for the physical inves- 
tigation of the sea in the neighbourhood of Naples. 

f. Experiments on breeding and preserving delicate Marine Organisms 
in a healthy vigorous condition. — This subject has already, since the Brad- 
ford meeting, especially engaged the attention of Dr. Dohrn ; his results, 
however, are not as yet sufficiently definite to enable him to draw up his 
promised report, though we hope that it will be ready at the next Meeting of 
the Association. 

g. Transmission of specimens to investigators at home. — Already this work 
has been carried on, though at present on a small scale. Various inves- 
tigators have received supplies of animals carefully preserved for the purposes 
of research. It is proposed, as soon as the fishing arrangements have become 
more complete, to develop largely this special activity of the Station, so that 
investigators at home and the authorities of museums may be able to obtain 
such animals as they may desire in a perfect condition with great ease and at 
a low price ; in fact, at what is to the Station cost price. 

3. The Scientific results of the Station. 

Since the opening of the Station in the early part of 1874 no less than 
33 investigators have made use of the Station, the stay of each varying from 
a few weeks to several months, and some of them having visited the Station 
during both years. 
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The following is a list of the names in an approximately correct chrono- 
logical order : — 

1. Prof. Kleinenberg. 

2. Prof Waldeyer. 

3. Mr. F. M. Balfour (2 years). 

4. Mr. A. G. Dew-Smith. 

5. Prof. Wilhelm Muller. 

6. Prof. Salensky. 

7. Dr. Pajewsky. 

8. Dr. Steiner. 

9. Prof. Henlohc. 

10. Prof. Kollman. 

11. Dr. Greef. 

12. Prof, llanke. 

13. Dr. Hubrecht. 

14. Prof. Pay Laukester. 

15. Dr. Kossmann. 

16. Prof. Hoffmann, 

17. Prof. Oscar Schmidt. 

Naturally many of the researches undertaken by these gentlemen, espe- 
cially those made during the past winter, have not yet been published ; it is 
therefore impossible to give any thing like a fair statement of the scientific 
results of the Station. It would be useless to give a list of those memoirs 
which have up to the present moment been published, and it would be 
invidious to pick out any for special comment ; but we may say that among 
the researches, both published and unpublished, are some of very high bio- 
logical importance, such as would alone justify the application of the word 
success to the Station. 

Next winter Dr, Dohrn proposes to begin a scries of annual accounts of 
the work done at the Station ; in fact a sort of scientific almanack of the 
place, so that the actual research achieved may bo made known to all. 

4. The present wants of tlw Station, 

The largo aquarium pays fairly well as a popular exhibition. Since the 
guide-books have admitted it into their list of things worth seeing at Naples, 
the number of foreign visitors, English, German, and Pussian, has been 
steadily increasing. Nevertheless the receipts from this source can never he 
looked upon as a main or a stable source of income. A European war or 
an epidemic of cholera would in such a case at once put the Station in 
jeopardy. 

It is the money paid by Governments, Universities, and other institutions 
for the command of the laboratory tables which is to be regarded as the 
real income. 

Of the total 24 tables, 17 aro already let; and Dr. Dohrn calculates that 
when the whole 24 are let \ the Station will be able, with strict economy, 
to pay its way. 

We had intended to make this Peport entirely a statement of facts, without 
adding any suggestions for action ; but if we have shown (and we venture 
to think we have) that the Zoological Station at Naples is doing sound 
scientific work, and is oifering unusual advantages for research to British no 
less than to German investigators, we may perhaps conclude our Peport by 


18. Prof. Claus. 

19. Prof. Selenka. 

20. Prof. Langerhans. 

21 . Prof. Bobretzky. 

22. Prof. Posenberg. 

23. Prof, von Ankum. 

24. Dr. Gdtte. 

25. Dr. Laurent. 

26. Dr. Zincone. 

27. Dr. Horst. 

28. Dr. Ulianin. 

29. Dr. Fan z ago (2 years). 
t30. Mr. A. M. Marshall. 

31. Dr. Cavanna (2 years). 

32. Dr. Fetter. 

33. H. Isnokoff. 
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suggesting to the consideration of the Association whether it would not be 
fairly witldn the scope of its action to* undertake the hire of one of these 
tables. 1 1 must be remembered that in this country the University of Cam- 
bridge is the only body which is in direct relation with the Station. That 
University occupies two tables, which it has placed, and naturally will continue 
to place, at the disposal of its own alumni. Hence any British naturalist not 
belonging to the University of Cambridge, and not able to bear of himself the 
expense of a table, cannot enjoy the opportunities offered by the Station. 
An equivalent to a grant of £75 per annum would remove the great dis- 
advantage; and we venture to suggest the funds of the Association could not 
be more profitably spnt as far as biological research is concerned. 


Report of a Committee j consisting o/E. C. C. Stanford, James Dewar, 
Alfred E. Fletcher, and Alfred H. Allen {Secretary) , appointed 
to inquire into the Methods employed in the estimation of Potash and 
Phosphoric Acid in Commercial Products and on the mode of stating 
the results. Drawn up by Alfred H» Allen. 

Tub Committee was of opinion that the objects for which it was appointed 
would be best attained by ascertaining as fully as possible the details of the 
methods of examining phosphates and potash salts in general use, and 
learning the opinions of the chemists employing them as to their special 
advantages and limits of error, at the same time collecting information on 
other closely related matters. 

■With the view of carrying out these intentions to the fullest possible 
extent, the Committee issued a circular letter setting forth its aims and 
objects, and sent it to every member of the Chemical Society, to all gentlemen 
known to be interested in the subject, and to such chemists as your Com- 
mittee learnt would be likely to afford assistance. 

The following is the letter referred to ; — 

“No. 1 Surrey Street, 

Sheffield. 

May 10, 1875. 

Sib, — ‘At the last Meeting of the British Association, a Committee, con- 
sisting of Messrs. J. Dewar, A. Fletcher, E. C. Stanford, and myself as 
Secretary, was appointed, ‘for the purpose of examining and reporting upon 
the Methods employed in the estimation of Potash and Phosphoric Acid in 
commercial products, and on the mode of stating the results/ 

“ The Committee proposes to ascertain, by inquiry, what methods are in 
general use, and to learn the opinions of the Chemists employing them as to 
their special advantages and limits of error, and also to collect information 
on other closely related matters. 

“ The Committee hopes to be enabled to recommend one or two accurate and 
practical processes for the estimation of Phosphoric Acid and Potash in 
commercial products which would meet with very general adoption by 
Chemists, and would be welcomed by both buyers and sellers as a perfectly 
neutral standard of reference. Such a plan, we believe, would do much to 
secure uniformity in such estimations and in the methods of stating the results. 
“ If you have experience in this description of analysis, you will much aid 
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the Committee by filling up the accompanying paper, and returning it to me 
at your earliest convenience. 

“A similar paper has been sent to all the Fellows of the Chemical Society ; 
but if you know any other Chemists, whose advice and opinion would be of 
service to the Committee, we shall esteem it a favour if you will kindly 
send me their names. 

“ I have the honour to be, 

“ Your obedient Servant, 

‘^Alfeed H. Allen, 

Ifon. Secretary of the Oommittee.^^ 

Together with the above circular letter, the Committee forwarded the 
following series of very carefully arranged questions, with the view of indi- 
cating the exact nature of the information they were in need of. 


1. Will you give the Committee the details 1 
of the process you habitually employ | 
for the estimation of the Phosphoric 
Acid in Commercial Phosphates? J 


2. What length of time does the above ] 
process require ? J 


3. Are you of opinion tliat the method 
gives strictly accurate results? If not, 
will you state the direction in whicli | 
the error occurs, and the maximum 
extent of it ? J 

i 

1 

4. Would it be possible to eliminate the 1 
error by taking certain well-defined 
precautions ? J 


h. Which process of analyzing Phosphates 
IS in your opinion the most accurate? 
and how long does it require ? 


{). Which is the most rapid and con- '] 
venient ? J 


7. Which gives the most constant results ] 
in the hands of different manipulators? J 

[ 

8. Do you know of any rehable process'] 
for the estimation of the so-called “Re- | 
duced Phosphates?” If so, will you 1 
give details of the method ? J 


1) Do you think it desirable that Chemists | 
should be called on to state the com- ] 
mercial value of a manure ? 



10. What in your opinion are the relative 
values which should be attached to j 
Phosphoric Acid existing in the fol- 
lowing forms, taking free anhydrous i 
Phosphoric Acid as 100 ? I 

A. — As Acid (soluble) [^Phosphate of i 

Calcium. ^ 

B. — As insoluble Phosphate of Cal- 

cium. 

C. — As “ Reduced ” Phosphate of Cal- 

cium. 

D. — As Phosphate of Aluminium. 

E. — As Phosphate of Iron. ) 
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11, If a native Phosphate containing oxides ^ 
of Iron, Aluminium, and Calcium, and 
Phosphoric Acid has been acted on by 
Sulphuric Acid, in what forms do you 
suppose the Phosphoric Acid exists? 
and how would you state the analysis ? j 


12. What means should be adopted to in- 
sure the samples submitted to Chemists 
for analysis fairly representing the com- 
position of the bulk ? 


13. Will you giye the Committee the details ' 
of the process which you consider the 
best for the estimation of Potassium in 
commercial Potash Salts? What are 
the limits of error in the process? 
Are accurate results obtainable by it 
in the hands of unpractised manipula- 
tors ? j 


14. Which, in your opinion, is the correct '' 
mode of stating the analyses of Com- 
mercial Potash Salts, containing Soda 
and more than one Acid — e.g, com- - 
mercial “ Muriates,” Sulphates, Ni- 
trates, Carbonates, Potashes, and Pearl- 
ashes ? . 


15. Can you gire the Committee the name 
and address of any Chemist not a 
Fellow of the Cliemical Society of 
Liondon whose advice and opinion 
would be likely to be of service ? 


16. Write here your name and address, and 
please state qualifications or nature of 
any appointment. 


No effort has been spared to make the objects of the Committoo widely 
known, and nearly a thousand circulars have been distributed. 

In the case of chemists known to have special knowledge of the subjects 
on which information was desired, the circulars were accompanied by 
manuscript letters from the Secretary requesting careful consideration of 
and full replies to the queries. 

In answer to their request for information, the Committee has received 
contributions from a considerable number of chemists, both in England and 
on the Continent, the answers in many cases containing much original 
information, and being generally^ of the utmost value in enabling the Com- 
mittee to form an opinion on the present state of the questions which it was 
appointed to consider and report on. 

On receipt of the replies, a further correspondence was in many cases 
entered into by the Secretary, with the view of obtaining explanation of or 
further information upon doubtful points, and every means has been taken 
to elicit the views of correspondents. 

The following is an alphabetically arranged list of chemists to whom the 
Committee is indebted for information : — 

G. Beeraxi), Ph.D. Manager of United Chemical Works of Leopoldshall. 
Chas. Bloxam. Professor of Chemistry, King’s College, London. 

T. P. Bltjxt, M.A, Chemist to Shrops^re Chamber of Agriculture, 
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J. Campbell Brown, D.Sc. Professor at Infirinary School of Medicine, 
Liverpool, Public Analyst for Liverpool, &c. 

Chas. F. Burnard, of Messrs. Burnard, Slack, & Alger. 

Chas. a. Cameron, M.D. Analyst to Boyal Agricultural Society of Ireland, 
Public Analyst for Dublin, &c. 

Jn. Cammack. Analyst to Bridgewater Chemical Works, St. Helens. 

A. H. Church, M.A. Professor at Royal Agricultural College, Cirencester, 
W. M. Cowan. Public Analyst for Groenock. 

John Cox. Chemist to Nottingham Mills Manure Company. 

V. Cruse. Chemist to Messrs. E. Packard & Co., Ipswich. 

Thomas Fairley. Analyst to the Yorkshire Agricultural Society, Public 
Analyst for Leeds. 

W. Flight, D.Sc. Assistant Examiner in Chemistry, London University, 

— Franz, Ph.D. Chief Manager, United Chemical Works, Leopoldshall. 

C. R. Freseniub, Ph.D. &c. Wiesbaden. 

W. Galbraith. Late Chemist to the Phospho-Guano Company, Liverpool. 
W. A. Hamlet. Analyst to the Peruvian Government Guano Company Agency. 
J. IIuoHEs. Analyst to Lawes’s Chemical Manure Company, London. 

H. Joulie. Paris. 

Alfred Kitchen. Whitehaven. 

M. j. Lansdell, of Messrs. J. C. Nesbit, Lansdell, & Co., Analytical Chemists, 
London. 

Sydney Lupton. The Harehills, near Leeds. 

Leisler, Bock, & Co. Glasgow. 

M. Lichtenstein. London. 

Newton, Keaies, & Co. St. Helens. 

T. R. Ogilvie. Late Public Analyst for Greenock. 

E. AV. Parnell. Chemist at Desoto Alkali Works, Widnes. 

J. Pattinson. Public Analyst for Ncwcastlc-on-Tyne. 

Manning Prentice, Jun. Stowmarket. 

T. Reddrop. Chemist at L. & N. W. R. Co.’s Works, Crewe. 

G. Rosenthal, Ph.D. Chemist to Messrs. Holloway Eros. 

J. Ruffle, Late assistant to Dr. Voelcker, &c. 

Alfred Sibson. Analytical Chemist, London. 

G. L. Ulex, Ph.D. Hamburg. 

Wallace, Tatlock, & Clark. Joint Public Analysts for City of Glasgow. 
Robert Warington. Formerly chemist to J. B. Lawes & Co. 

W. J. Williams. Chemist in charge of Phosphate Sewage Company’s Works, 
Hertford. 

It will be observed that in almost every case the replies have been from 
chemists having special experience in the analysis of commercial phosphates or 
potash salts ; and their communications contain, in the aggregate, an amount 
of information on the subject probably far in excess of an^ previously collected. 

With a few notable exceptions the Committee has received assistance from 
all the best known authorities on the subject ; a few of the leading chemists 
known to have special experience of the kind required have not responded 
to the Committee’s request for information, though their assistance was most 
courteously sought by a special letter in each case. 

The cause of the silence observed in the above mentioned cases is probably 
similar to that which prompted the follovring reply from a well-known firm 
of chemists, whose results were in some degree the cause of the appointment 
of the Committee. 
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“ifr. Alfred H. AlUn. ' “ 

‘‘ Dear Sir, — e are in receipt of your favour relating to the examination of 
phosphates and potash salts; but wc must decline to give you the information 
required, as we do not think ourselves called upon to publish our methods of 
analysis, which wc have perfected after long and careful investigation, for 
the benefit of those who have not taken this trouble. 

“We are, dear Sir, 

“ Yours obediently, &c.’^ 


A French chemist of very high standing says he belongs to that class of 
chemists who cannot aflPord to work “ pour la gloire,’’ but must keep their 
methods, their only capital, secret. 

It is evident that the interests of science would materially suffer if a 
similar system were adopted by many chemists; but happily the above 
answers stand in striking contrast to the generous and elaborate replies that 
have in very many instances been sent to the Committee. 

The answers received to the various specific questions put have shown in 
a very striking manner how very various and even irreconcilable are the 
opinions held by chemists on many of the points submitted for their con- 
sideration. On this account the Committee refrains for the present from 
expressing any definite opinions on the points in question ; but feeling that 
the communications received contain much information which should be at 
once in the possession of those interested, it begs here to submit to the 
Association the following digest of the rejjlics received up to the present 
time. 

The Committee has avoided as far as possible any specific mention of the 
sources of the various items of information, but has departed from this rule 
in cases in which the value of the information would have been seriously 
diminished if the authority on which it was quoted had not been given. 


Phosphoric Acid. 

Solution of the Manure and separation of Silica, 

In the case of soluble phosphates treatment with cold water, with (in 
some cases) subsequent washing with hot water, seems universal. Most 
chemists prefer to lake a considerable quantity of the manure, and grind it 
with small successive quantities of cold water in a mortar. An aliquot part 
of the filtered solution is taken for analysis. 

With but one or two exceptions, hydrochloric acid is universally employed 
for effecting the solution of insoluble phosphates * **. 

In the great majority of cases they then recommend evaporation to com- 
plete dryness. Some operators omit this step as a rule, but classify it among 
the precautions necessary when great accuracy is required. The effect of 
evaporation to dryness is considered to bo twofold; silica is rendered 
insoluble and fluorides are decomposed Avith volatilization of hydrofluoric 
acid or of fluoride of silicon. The residue is next treated Avith hydrochloric 
acid in the ordinary manner, and the insoluble silica filtered off f. 

* It is eyident that the addition of a few drops of nitric acid is desirable here to insure 
the complete peroxidation of any ferrous compounds which may be present. 

t It 18 evident that in presence of fluorides the silica hero found will not strictly 
represent the quantity originally present in the sample. 
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Oxalic^Acid MetJ^od, 

Of tlio chomists whose processes of analyzing phosphates have been com- 
municated to the Committee, a decided majority precipitate the phosphoric 
acid as the double phosphate of magnesium and ammonium, after previously 
separating the calcium as oxalate. 

Although there is no great difference in the general outline of the method 
followed, the most extraordinary variations occur in the details of the 
instructions, and in the precautions recommended to insure accuracy. 

By far the greater number of chemists precipitate the calcium as oxalate 
after neutralization of the excess of acid. Some add citric acid previously to 
employing oxalate of ammonium. According to Mr. R. Warington this 
modification “ occasions a deficiency of lime, oxalate of calcium being soluble 
in citrate of ammonium,’’ Those chemists who add citric acid before pre- 
cipitating the calcium usually employ an acetate to get rid of free mineral 
acid. Of course, the addition of citric acid then becomes a necessity when 
iron and aluminium are present, unless the precipitated phosphates of these 
metals are filtered off and estimated separately. This plan appears to have 
several advantages, and is recommended by some chemists of wide experience. 
By employing it, the phosphates of iron and aluminium (by most chemists 
believed to have a very limited manurial value) are separately estimated, and 
the subsequent addition of citric acid is rendered unnecessary and the iron 
introduced by its use avoided. 

If the phosphates of iron and aluminium arc not previously separated, the 
genor<al plan is to neutralize the solution with ammonia till a slight tirrbidity 
ensues, to clarify the liquid by the addition of a few drops of oxalic acid, to 
add a moderate excess of ammonium oxalate, to heat the liquid nearly to 
boiling, and to filter off the precipitated oxalate of calcium. Some chemists 
filter again after cooling. 

After careful washing of the precipitate, the filtrate is usually concentrated, 
a moderate quantity of citric acid added and then excess of ammonia. A 
precipitate may here occur of silica, fluoride of calcium, or oxalate of calcium. 
The more careful analysts leave the solution for a time to make sure that 
the liquid remains clear, or to filter from any precipitate. 

Precipitation hy Magnesia, 

The clear solution is next precipitated by magnesia mixture,” which is 
universally admitted to be better made with chloride than with sulphate of 
magnesium. It is also clearly proved and generally recognized that a largo 
excess of the precipitant should be avoided, some chemists recommending a 
preliminary analysis of the sample with the view of adding the approximately 
theoretical quantity of solution. On the other hand, it has been proved that 
complete precipitation is very slow except in presence of a considerable excess 
of “ magnesia mixture.” 

Yery great variation occurs with respect to the concentration and tem- 
perature of the solution at the time of precipitation. A few chemists recom- 
mend precipitation in a hot solution, but the majority direct precipitation in 
the cold ; one or two recommend the use of a dilute solution, while others 
concentrate, if necessary, to a certain bulk ; and some make a correction for 
the solubility of the double phosi)hate in the liquid. 

The amount of free ammonia present during the precipitation varies 
from a moderate excess to one fifth of its bulk of the strongest ammonia 
(* 890 ). 
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The time allowed for precipitation varies from ten minutes (with vigorous 
stirring) to twenty-four hours ; but most chemists are of opinion that six or 
eight hours are sufficient. 

Very few chemists recommend re-solution and re-precipitation of the 
double phosphate. 

Eut few precautions appear to be taken in the ignition of the precipitate. 
The more careful analysts thoroughly dry the precipitate and remove it from 
the filter, igniting it first gently, then intensely. 

Yery different opinions arc held as to the accuracy of the results obtained 
by precipitation with magnesia. In many cases the observers are merely 
able to say that the process gives fairly constant results on repetition ; in 
other cases they state that very concordant results have been obtained when 
the same sample has also been analyzed by some chemist of repute. 

In some cases the observers consider that the process is liable to give 
results somewhat below the truth, owing to the slight solubility of the 
double phosphate in the mother-liquid and the loss of phosphate in the 
oxalate-of-calcium precipitate. In other cases the process is said to give 
results in excess of the real amount, owing to the presence of other magne- 
sium salts or of iron or aluminium in the double phosphate precipitate. 

A most elaborate series of experiments has been made by Mr. T. R. 
Ogilvie on the magnesia process and the variations to which it is liable 
His results have been to a great extent confirmed by the researches of Mr. 
E. M. Dixon. On the other hand, Professor Church writes, ‘^My confidence 
in this plan when carried out successfully, giving time for any oxalate to 
fall after addition of citric acid and excess of ammonia, is not shaken by 
Ogilvie’s results reported recently in the ‘ Chemical Hews,^ His experiments 
seem to mo to exaggerate the errors of the method greatly. Several times 
hare I got nearly identical results by the use of the molybdic method for 
separating the P^ 0^ from the soluble part of a superphosphate, and hy the 
use of the oxalic method. I always use a measured quantity of the am- 
moniacal magnesium chloride ; but considerable excess of this reagent often 
produces but little influence on the result — sometimes none.’’ 

Direct Citric- Ac id Method. 

The method of Joulie is employed by some chemists of wide experience. 
In this process the iron, aluminium, and calcium arc all retained in solution 
by citrate of ammonium, and no attempt is made to separate the calcium as 
oxalate; but the phosphate is at once precipitated from the ammoniacal 
solution by “magnesia mixture,” the precipitate being cither ignited and 
weighed or dissolved in acetic or nitric acid and the solution titrated with 
uranium. This method is in many respects similar to that recommended by 
Fresenius, Neubauer, and Luckt. 

Iron- Acetate Method, 

A few chemists employ a process of which the following is an outline : — 

The neutralized hydrochloric solution of an insoluble phosphate (freed 
from silica), or the aqueous solution of a soluble phosphate, is treated with 
acetate of ammonium (filtered from the precipitated phosphates of iron and 
aluminium if their separate estimation is required) and sufficient ferric 

* Chemical News, May 6, 1870 ; Proceedings of the Philosophical Society (Chemical 
Section) of GHasgow, 1874 and 1875, &c. 

t Zeit. f. anal. Chem. ix. 16, and Sutton’s ‘Yolumetric Analysis,’ second edition, p. 241. 
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chloride added to cause the precipitate to appear distinctly reddish. The 
liquid is boiled, well filtered, and the precipitate washed slightly. It is 
redissolved on the filter in hydrochloric acid, tartaric or citric acid added 
judiciously to the solution, and then a tolerable excess of ammonia. The 
alkaline solution should be greenish, not reddish, “Magnesia mixture” is 
then added in moderate excess, the liquid stirred and left over night. The 
precipitated double phosphate is then filtered off and treated in the ordinary 
manner. The method gives results agreeing well with the average of 
chemists of repute. On repetition, the results of the two estimations agree 
within *1 to -2 per cent. 

Phosphates of Iron and Aluminimn, 

The precipitate of iron and aluminium phosphates, produced by treating 
the cold solution of a sample containing the above metals with an alkaline 
acetate (or with ammonia and excess of acetic acid), can be very con- 
veniently analyzed by the following method, contributed by Mr. 11. Waring- 
ton: — “The precipitated phosphates of iron and aluminium are washed, 
ignited, and weighed, redissolved in strong hydrochloric acid, and the iroa 
determined volumetrically with stannous chloride and iodine (see Eresenius), 
Erom the iron the quantity of ferric phosphate in the precipitate is cal- 
culated, the phosphate of aluminium found by difference, and thus the iron, 
aluminium, and phosphoric acid in the precipitate are obtained, A litth 
phosphoric acid is liable to be removed from the precipitate during washing 
and basic salts are thus reckoned in the calculation as of normal composi 
tion.” 

Estimation hy Uranium, 

The removal of iron and aluminium by addition of an alkaline acetate ii 
the cold, with determination of the phosphoric acid in the filtrate by mean 
of uranium *, is a method which appears to deserve more extended employ 
ment. The use of an acetate in a slightly acid solution brings the liqui( 
into just the condition required for the use of the uranium process. Th 
volumetric estimation by uranium is very highly spoken of by some chemist 
as convenient and fairly accurate, while others consider it very imsatisfactory 
The conflict of opinion is very great, and special experiments on this proces 
appear desirable ; but the following seem to be the precautions necessary fo 
successful working. 

The proportions of acetic acid and alkaline acetato employed and tli 
volume of the solution should be approximately constant. The uraniun 
nitrate should be standardized with an acetic- acid solution of pure precipi 
tated ammonio-magnesium phosphate or tricalcic phosphate, instead of wit] 
phosphate of sodium as is commonly done. 

The titration should be converse^ the solution of the phosphate being adde* 
to that of the uranium. The latter should be mixed with a constan 
proportion of acetic acid and heated on a bath of boiling water. Th 
indicator should be powdered potassium ferrocyanide on a white plate 
Owing to the reversal of the usual process, the brown colour of the ferro 
cyanide of uranium becomes gradually fainter till the end of the titration. 

This method, which is recommended and employed by some authorities c 
great experience, is said to be capable of giving results of every desirabi 
accuracy. 

* It is universally admitted that the estimation hy uranium is Untrttitvrorthy unlei 
any iron or aluminium present in the original solution is first removed. 
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The gravimetric method of precipitation by nitrate of uranium is employed 
by a few chemists, and is very well spoken of. 

Molyhdic-Acid Method* 

Of all methods, Sonnenschein’s process of precipitation with molybdic acid 
appears to be regarded as the most accurate. All the chemists who refer to 
it speak of it as extremely accurate, and consider that it is preferable to any 
other in presence of much iron or aluminium; but comparatively few use it 
habitually. The causes of this unpopularity are the time required and the 
expensive nature of the reagent. 

As a very large excess of molybdic acid is required above that which is 
actually precipitated as “ phospho-molybdate of ammonium,’^ it becomes 
an important matter to recover the molybdic acid from the solution. Unfor- 
tunately no very simple process of effecting this appears to have been 
devised. 

The yellow precipitate obtained, containing as it does less than four per 
cent, of anhydrous phosphoric acid, becomes very bulky and unmanageable 
when the weight of phosphoric acid present exceeds *1 or *2 gramme. This 
fact necessitates the employment of very small quantities of the phosphate ; 
and as the yellow precipitate has to be subsequently redissolved and 
precipitated with magnesia mixture in the ordinary way, the error liable to 
occur from the use of an unusually small weight of the sample, together 
with the loss of time and expense incident to the use of the process, seem to 
have combined to render the method unpopular for every-day work while 
its value is generally admitted when the above considerations are of secondary 
importance. 

J. Macagno has very recently proposed to reduce the yellow precipitate 
with zinc and acid, and titrate the solution so obtained with standard 
permanganate. The test experiments show a maximum error of *5 per cent, 
of the phosphoric acid present. 

Eggertz’s Molyhdic^Ackl Method. 

Metallurgial chemists are well aware that M. Eggertz has proposed to 
weigh the yellow precipitate of phospho-molybdate of ammonium instead of 
redissolving it and converting it into ammonio-phosphate of magnesium in 
the ordinary manner. 

The modified plan has the advantage of speed ; and the fact that the 
precipitate contains less than four per cent, of phosphoric anhydride would 
render the results extremely accurate. 

Unfortunately it seems improbable that the precipitate has a constant 
composition ; and any sensible variation in tho proportion of phosphoric acid 
contained in it would render it worthless as a method of estimation, at least 
as far as manures are concerned. 

M. Eggertz estimates the anhydrous phosphoric acid contained in the yel- 
low precipitate, obtained under the conditions prescribed by him, at 3*72 per 
cent. 

* Mr. A. Sibson writes : — “ The molybdic*acid process is, in my opinion, not suitable 
for phosphatic minerals, although invaluable for soils, limeetones, &c. containing small 
proportions only of phosphoric acid. The large excess of molybdic acid necessarily 
employed in the former case is itself a source of error with no adequate advantage, 
inasmuch as the magnesia precipitate has still to be employed ; and it is in the manipula- 
tion of this precipitate that the differences in analyses chiefly arise/' 
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Other Methods, 

Besides tlie above-described processes, and trifling modifications of them, 
descriptions have been received of no other method. The lead, bismuth, and 
tin processes appear to have fallen into complete disuse. No chemist has 
reported that he precipitates phosphoric acid as tricalcic phosphate by direct 
addition of ammonia to the original solution. 


^^JReduced^^ Phosphates, 

Of all the chemists who have communicated with the Committee, only two 
consider that the so-called ‘‘reduced’’ phosphates can be estimated even 
approximately by any known method. 

One of these writes as follows : — ^ 

“ I employ a process based on the ready decomposition of gelatinous phos- 
phate of lime by oxalate of ammonia and the almost complete inaction on 
the mineral phosphate by the same salt. Although not an exact process, it 
gives good approximate results within | per cent. ; and seeing the urgent 
need for some such means of estimation, more especially in the case of bone- 
manures, in which a large proportion of decomposed phosphate may exist 
unrecognizable by the ordinary soluble phosphate determination, I think it 
better to employ even an imperfect process than to classify such decomposed 
phosphate with undecomposed mineral phosphate.” 

Professor A. H. Church, referring to the bicarbonate-of-sodium method 
described in his ‘ Laboratory Guide writes, “ It is the only method giving 
approximate results.” 

A series of highly instructive experiments on the estimation of “ reduced ” 
phosphates has been contributed by Mr. M. J. Lansdell. 

With the oxalate-of-ammonium method of Mr. Alfred Sibson :j;, and with 
the bicarbonate method (which was first described by Mr. Chesshire §), Mr. 
Lansdell obtained the following results, the samples being all passed 
through the same sieve and the proportions employed being the same as 
those recommended by the authors. 

Dissolved 

(equal to Cag P^O^). 

Sample contained By Sibson’s By Chesshire’s 

(equal to Oag Pg O^). method. method. 


Cambridge coprolite .... 

Bone-ash 

Navassa phosphate 

German phosphate 

Redonda phosphate (dried) 
Redonda phosphate (lump) 


56-07 per cent. 

8-32, 

76-87 

10-58, 

65-62 

7-48, 

60-74 

8-04, 

87-42 „ . 

19-72, 

86-58 

19-10, 


2*23 per cent. 
3-07 „ 

5’73 „ 

2-09 
56-97 
64-65 


By employing a solution of bicarbonate of twice the above strength, the 
Redonda phosphate gave equal to 84*3 of CagP^Og in solution. 

Using a smaller quantity of the sample in the oxalate method, 47*76 per 
cent, passed into solution. 


* See Chem. News, Sept. 10, 1869, p. 123. . i ^ 

t 3rd Edition, p. 146. This process consists in boilillg the insolubw portion of 5 
grammes of the sample for one hour with a solution of 10 grammes of sodium bicarbonate 
in 300 cub. centims. of water ; filtering hot, acidifying, concentrating, precipitating with 
magnesia, &o. 

t Ohem. News, Sept. 10, 1869. I Sept. 3, 1869, p. 111. 

1875, ‘ B 
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The above results show that neither method is at all satisfactory ; and fir. 
John Hughes* has made experiments leading to the same conclusion. 

Another correspondent writes, “ There is no reliable process knowii for the 
estimation of ^reduced phosphates' under aU circumstances. Even th& 
citrate-of- ammonium method (which seems to be the one generally preferr^) 
utterly fails to distinguish between ‘reduced phosphate' and the native 
phosphate of aluminium known as ‘Kedonda phosphate,' the latter being 
largely soluble in the citrate-of-ammonium solution ; so that the latter, which is 
a comparatively cheap material, if introduced into a superphosphate, would, 
according to the results obtained by the methods usually employed for esti- 
mating reduced phosphates, be quoted as the latter." 

Mr. T. L. Patterson has criticised the citrate-of-ammonium method in a 
paper contributed to the ‘Chemical News' f* 

Hr. W. Galbraith makes the following remarks on the estimation of 

reduced phosphate " : — 

“ It seems to me that an arbitrary method of determining these phosphates 
would serve every purpose — that is, provided there is a necessity for deter- 
mining them (from a commercial point of view), which I am inclined to 
dispute ; because any other phosphate in as fine a state of division as these 
‘reduced phosphates’ is of equal value ; and if (as some chemists maintain) 
these ‘reduced phosphates’ consist principaUy of phosphates of iron and 
aluminium, they cannot and should not be reported as, or assumed to be, 
phosphate of calcium. 

“ It is well known that the presence of oxide of iron and aluminium is 
the cause of the manure ‘ going back.' Superphosphates containing no iron 
and aluminium do not ‘ go back ; ' so that the manufacturer has the remedy 
in his own hands — to avoid using mineral phosphate containing iron and 
aluminium. 

“ At present a manufacturer who makes his manure from a phosphate 
containing iron and aluminium, and who sells it immediately after manufac- 
ture, has a decided advantage over another manufacturer who has made his 
manure from a phosphate containing no iron and aluminium, because a 
mineral phosphate containing iron and aluminium is much cheaper than 
one free from those substances. Besides, the iron and aluminium are 
almost invariably stated in the analysis of a mineral phosphate, while 
those substances are seldom if ever mentioned in the analysis of a super- 
phosphate. 

“I do not think it advisable (even if possible) to determine the wtM 
amount of ‘ reduced phosphates ; ' but an arbitrary method, or a method of 
determining phosphates of a given fineness, which would include ‘ precipi- 
tated phosphates,' would, I think, be very serviceable; and such a process 
could be easily devised." 

Statement of the Commercial and Agricultural Yalue of Manures, 

Without exception, all the chemists who reply to this question are of 
opinion that it is highly undesirable that analysts should express any opinion 
on the commercial value of a manure. Many of them believe that trioalcic 
phosphate (for instance) has a very different value according to its origin 
anff state of division, and that any valuation of a manure not taking this 
and similar facts into account must be worse than useless. Moat of the 
chemists who have replied consider that phosphates of iron and aluminium 

. * Chcnii NewPj June 4, 1809, p. 26G. t May 31 and June 7, 1872, 
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h^ve m exee^dingJy limited manupiftl vRlue. The HlUtm maDurial viduee 
attributed to phosphoric acid existent in various states is very differently 
regarded ; and as many of the opinions expressed appear to be based on very 
iusudicient evidence, the Committee thinks it unnecessary to quote the 
different replies received. 

Mode of occurrence of the ComtituenU of Manufactured Manures, and 
statement of the Results of Analysis, 

On this subject the Committee has received a large amount of valuable but 
somewhat discordant evidence. 

Yery strong opinions are expressed to the effect that the quantity of iron 
and aluminium present in a manufactured manure (superphosphate) should 
always be stated. Such a plan would enable the manufacturer or purchaser 
to judge of the probability of a newly made manure “going back” on 
keeping, and would enable a more accurate opinion to be formed of its true 
value than is possible while the presence of iron and aluminium is ignored. 
At the same time the estimation of the “ reduced phosphates ” would often 
be rendered superfluous. 

With respect to the mode of occurrence of the constituents of manufac- 
tured manures, the Committee considers the evidence before it too vague and 
conflicting to justify any expression of opinion at present. 


Potash Salts. 

Estimation of Potash, 

The Committee has received comparatively few replies on the estimation of 
potash in commercial salts containing it, on account of the limited number 
of chemists having special experience in its determination. The answers 
received are, however, from chemists of the first rank as authorities on the 
subject, and appear to be almost exhaustive of the question. 

The method of estimation by platinic chloride is employed by all the ohemiste 
who have communicated their processes to the Committee, the only differences 
being in the manipulation and details of the method. 

Some chemists recommend the removal of any sulphates by addition of a 
slight excess of chloride of barium, and some also remove any calcium or mag- 
nesium which may be present. 

The Committee is in possession of some correspondence respecting a sample 
of “ muriate ” which was analyzed independently by Professor Fresenius and 
Mr. P. li. Tatlock ; and as it throws much light on the origin of the discrepancies 
often observed in the estimation of potassium, the Committee quotes it almost 
in extenso, together with a description of the methods employed by the two 
authorities above referred to. 

Messrs. Wallace, Tatlock, and Clark write 
We employ the platinic-chloride method as described by Fresenius in the 
sixth edition of his ‘ Quantitative Analysis,' with a slight modification which 
renders it more applicable to all the numerous varieties as well as strengths 
of commercial potash salts. After pounding and mixing in the usual way, 
a quantity of the salt (500 grains) is weighed out, dissolved in hot water 
and filtered. The filtrate and washings being cooled to normal temperature 
are mixed well, made up with cold water to a fixed bulk (5000 grains) and 
again mixed ; a portion of this solution (100 grains), equal to 10 grains of the 
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original sample, is delivered into a small basin, diluted with 400 grms. or 
so of water, and acidified slightly with hydrochloric acid. 

“About 600 grains of platinic-chloride solution (containing at least 25 
grains of platinum) are added, and the fluid evaporated nearly to dryness on 
the water-bath. A few drops of water are then added to the residue, and 
the evaporation repeated to expel the excess of hydrochloric acid. About 
60 grains more of the^atrong platinic solution are mixed with the precipitate, 
and the whole stirred well and set aside in a cold place for at least an hour 
with occasional stirring. The precipitate is then thrown on a very small 
filter (unweighed), the basin rinsed out with about 10 drops more of the 
platinic solution, and the precipitate on the filter washed with 10 or 16 drops 
more. The basin with the filter and contents are then washed with the small- 
est possible quantity of alcohol of 95 per cent, strength, and dried at 100° C. 
The dried precipitate is transferred as completely as possible to a small cap- 
sule, in which it is further dried until it assumes a distinct orange-colour, and 
weighed. The filter and trace of adhering precipitate is ignited on a cruci- 
ble lid, and the residual metal with its corresponding chloride of potassium 
calculated to potassio-platinic chloride, and the weight added to that of the 
precipitate. The following factors are employed : — To bring the precipitate to 
potassium *1608, to potash *1930, and to chloride of potassium *3056. The 
figures are based on Stas’s numbers for potassium and chlorine, and Berzelius’s 
equivalent for potassium.” 

Professor Fresenius writes : — 

“ I am quite ready^ to go once more closely into the question regarding the 
estimation of potassium in commercial potash salts. However, I can only do 
so occasionally when I am at leisure, for there arc a great many experiments 
still to be made before being able to give a satisfactory answer. As far as I am 
concerned myself, as well as the analyses in my laboratory, these questions are 
of no great importance. The great object I have in view is to be accurate ; 
saving time is only a secondary consideration. I begin by entirely separating 
from the solution the sulphuric acid, lime, and magnesia ; then I weigh the 
pure chloride of the alkali -metals, estimate the potassium as platino- chloride 
of potassium according to the method given in my manual of quantitative 
analysis, make sure that it is quite pure, and generally also estimate the 
chloride of sodium in the washings by evaporating and heating the residue in 
a current of hydrogen^, partly to have a check, principally, however, to make 
sure that it contains no more potassium. This method, however, is not practi- 
cable in works because it is too elaborate.” 

In reference to the estimation of potash, Messrs. Wallace, Tatlock, and 
Clark also write : — 

“ It is a not-erious fact that while the results obtained by the process we 
follow, as compared with those got by what we may term the alcohol method, 
a^ee very closely in the case of potassium compounds free from sodium, wide 
differences have been observed when the potassium salts were of low strength 
from the presence of sodium compounds. To this fact it would not be diffi- 
cult to get manufacturers and merchants to testify. This remark applies 
specially to the case of potassium products from kelp, of which many thousand 
tons are made in Glasgow every year, some of which contain a large propor- 

* * proportion of chloride of sodium present is deduced from the weight of the 

lilted residue is not stated. Probably by washing with water and subtractinff the weight 
Of the residual metallic platinum. 
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tion of sodium sulphate, which is not readily convertible into sodio-platinio 
chloride, but must be converted into chloride by double decomposition with 
barium chloride — a tedious and unnecessary process, and one liable to lead to 
error in any than very skilled hands. 

Sulphate of potash made from kelp is an excellent example of the kind 
of salt, as it usually contains about 20 per cent, of sodium sulphate in the 
form of the double salt SK^SO^-j-Na^SO^. 

“ It was with the view of obtaining a process for the estimation of potas- 
sium by platinic chloride, directly, in these compounds, that the process we 
employ was originated, and it has stood the test of practice for 15 years. It 
has been objected to our process that the potassio-platinic chloride is soluble 
to an appreciable extent in platinic-chloride solution ; but our experience goes 
to show that in the circumstances of a potassium determination, as above 
described, the results obtained are accurate. As an instance of this, we may 
mention that a German firm, supposing that we must necessarily get too high 
results, handed to us for analysis, in the usual commercial way, a sample of 
muriate of potash. We found and reported, as the result of the only trial made, 
99*95 per cent, of chloride of potassium, and were afterwards informed that 
the sample consisted of pure chloride of potassium, prepared and sent in order 
to test our process. A further instance will sufiice to show the exactness of 
this mode of estimating potassium in presence of sodium compounds in quan- 
tity. A portion of a carefully mixed and pounded sample of muriate of potash, 
of which we had made previously a complete analysis as usual by this method, 
was forwarded by our client to Dr. Presenius, unknown to us, with the request 
that he would spare no pains to arrive at the truth regarding the relative 
proportion of potassium and sodium salts which it contained. The following 
are the results of the respective analyses ; — 

W. T. & 0. Fresemua. 
per cent. per cent. 


Chloride of potassium 88*50 88*86 

Sulphate of potash *13 

Chloride of sodium 8*46 8*39 

Sulphate of lime *18 *22 

Chloride of magnesium *50 *47 

Insoluble *23 *23 

Water 1*80 1*83 

99*80 100*00 

Potash 55*97 56*10 

Equal to chloride of potassium 88*65 88*86 


With reference to Mr. Tatlock’s method and the above analyses, Dr. 
Presenius writes : — 

‘‘I must object to his washing the precipitate with chloride of platinum. 
He dissolves by doing so a small quantity of chloride of platinum and potassium ; 
and you see that he makes the chloride of potassium 0*21 per cent, lower than I. 
This discrepancy, however, will scarcely ever be greater. To make sure 
not to keep any chloride of sodium along with the chloride of platinum 
and potassium, I first extract the chloride of platinum and sodium with 
spirits of wine of 80 degrees, and then wash the chloride of platinum and 
potassium with a few cubic centimetres of water drop by drop; then I evapo- 
rate this solution, adding a little chloride of platinum, treat the small precis 
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pitate again witli spirits of ■W'ino, and add the small quantity of chloride of 
platinum and potassium to the bulk.^* 

In reply to the ahoye criticism the Glasgow chemists say : — “In his analy- 
sis of this sample Dr. Eresenius followed the method described in the sixth 
edition of his ‘ Quantitative Analysis j * but, evidently fearing that the digestion 
of the precipitate with alcohol of oven 80 per cent, might not free it from 
sodium compounds, he used a little water, wherewith to ensure the separa- 
tion of the latter, and afterwards estimated the potassium in the washings 
obtained, adding this to the main result— a plan which of course can be 
equally adopted with our process if considered necessary ” 

Messrs. Wallace, Tatlock, and Clark further write; — 

“Our method obviates the necessity of converting sulphates into chlorides 
before applying the platinum process. All that is necessary in the case of 
these salts, or where they are present, is to add an equivalent quantity or 
rather more of pure sodium chloride, which takes up the liberated sulphuric 
^cid. We believe that the general tendency is to report potassium results too 
high, not only on account of incomplete removal of sodium compounds from 
the potassium preoiintate, but by reason of impure platinio solutions, which, 
however pure when originally made from the metal, are liable to contamina- 
tion through the spent liquors and precipitates being recovered by quostion- 
jible means. 

. “ There is almost no limit to the accuracy of this process ; with care and in 
good hands, the potash may be estimated easily to within *05 per cent.’’ 

Mr. W. Galbraith, who has had great experience in the analysis of potash 
Salts by Mr. Tatlock’s method, writes of it as follows: — 

“ The method requires a few precautions, the principal of which are that 
the pipette be accurate and that the platinic chloride be pure. Care also 
should be taken that the evaporation should not go to dryness, especially in 
presence of a large quantity of soda salts, or the result wiU be too high. By 
diluting the solution previous to the evaporation,^ the precipitate comes down 
in larger crystals, is more easily filtered and taken off the filter, and is also 
more Kkely to be pure. 

“ With these precautions, which are easily attended to, the method gives 
rigidly accurate results even in the hands of inexperienced manipulators.” 

Dr, G. L.'Ulex, of Hamburg, separates any sulphates by very cautious ad- 
dition of chloride of barium. He washes the chloroplatinate of potassium 
with alcohol of 80 per cent. He obtains results reliable within *2 per cent. 
Th^ process, “although simple, requires to be worked carefully, otherwise 
serious mistakes wiU be made.” 

Mr. M* J» Lansdell says, “I consider the great secret is to use plenty of 
platinum, which facilitates the washing out of the sodium salts, and renders 
the indication by colour (as to when to arrest washing) distinct.” 

• M. J oulie separates sulphates, and then the barium introduced, togel her 
with any calcium or magnesium present. He washes the chloroplatinate 
with a mixture of alcohol and ether. Absolutely exact results are obtained 
in 5 or 6 hours, whatever the nature of the original sample. 

Dr. G. Berrand uses a large excess of platinic chloride, and washes the 

As the quantity of platinic-chloride solution employed by Mr. Tatlock for washing 
the precipitate does not exceed 70 fluid grains, the solution of any sensible quantity of the 
tattw seems improbable, and if occurring might be altogether prevented by previously satu- 
rating the platinic chloride used for waging with the potassium salt. 
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precipitate with alcohol of 98 per cent. He removes any sulphates with a 
slight excess of chloride of barium. He remarks that “ the most essential 
point of the whole method is the purity of the chloride of platinum, which 
can be well proved by testing it with chemically pure muriate of potash. 
This, of course, must yield 100 per cent. If jnore or less, the platinum solu- 
tion has not been pure. If the platinum solution is correct, even less practised 
hands will obtain exact results by the above method, which is now universally 
applied in the manufactories of our place.” 

The above replies and correspondence show conclusively the necessity for 
independent experiments on mioctures containing known amounts of real 
potash. 

Statement of Results of Analyses of Potash Salts, 

The information the Committee has received on this subject is limited to 
the opinions of a few chemists. Without endorsing the whole of the fol- 
lowing observations, the Committee believe that the subjoined remarks will 
be read with interest and advantage. 

“It is quite likely that the sulphuric acid exists in these (kelp) muriates 
not as sulphate of potash, but as the double salt 80^ -f-Na^ 80^ 
(discovered in kelp potash salts by Penny of Glasgow) ; and if so, the large 
proportion of sulphates present in kelp muriates (usually from 4 to 6 per 
cent.) would involve a slight alteration in the mode of stating the results, and 
would introduce sodium sulphates to a small extent. This view, however, 
even if proceeded upon in practice, would not interfere practically with the 
commercial value of the sulphates. 

“There cannot be a doubt that the alkali present is carbonate of soda, both 
from the fact of these muriates not being deliquescent, and the impossibility of 
the existence of carbonate of potash and chloride of sodium together without 
mutual decomposition ; otherwise carbonate of potash could bo made by the 
simple process of mixing solutions of carbonate of soda and chloride of 
potassium.” 

Dr. Ulex, of Hamburg, writes : — 

“Potash, carbonate of potash, and pearlash generally contain sulphates 
(which require to bo removed carefuUy by a chloride-of-barium solution be- 
fore estimating the potassium). The whole of the potassium is estimated as 
chloride of platinum and potassium, and calculated to oxide of potassium. 
The sulphuric acid present is precipitated with chloride of barium as sulphate 
of baryta, the chlorine with a solution of silver as chloride of silver; the former 
is calculated to sulphate of potash, the chlorine to chloride of potassium. 
The oxide of potassium equivalent to these two salts is subtracted from the 
total oxide of potassium, and the remainder calculated to carbonate of potash. 
Part of the sample is titrated with sulphuric acid and noted as carbonate of 
potassium. Subtract from this the carbonate of potash previously found and 
calculate the difference to carbonate of soda.” 


Mr. W. Galbraith writes as follows : — 

“ Muriates, which may be alkaline and contain sodium carbonate, and there- 
fore will not contain calcium or magnesium soluble in water, I should state 
thus, putting the stronger bases and salt-radicals first : — 


Potassium. 

Sodium. 


Sulphate. 

Chloride. 

Carbonate. 
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When they contain calcium and magnesium soluble in water, they should 
be stated thus : — 

Calcium. Sulphate. 

Potassium. 

Magnesium. Chloride. 

Sodium. 

“ In the case of ^ artificial sulphates/ which contain iron, calcium, and 
magnesium, in addition to potassium and sodium, and are usually acid, the 
results may be stated thus : — 

Hydrogen. 

Calcium. 

Potassium, 

Iron. 

Magnesium. 

Sodium. 

“ The free acid I should state as sulphuric acid, as I cannot believe that it 
exists as hydrochloric acid, considering the heat of the furnace during the 
manufacture. 

“Of course it is evident that the acidity will not be really due io free sul- 
phuric acid, but to an acid sulphate, probably acid sulphate of potassium 
(KHSO^). Lumps of chlorides are often to be found in salt cakes and potas- 
sium sulphates of decided acid reaction. 

“ Of course carbonates should follow the same rules as the above.’* 

Mr. M. J. Lansdell holds the following opinions : — 

“I think in this, as in all other instances, it is a mistake to give detailed 
analyses showing any particular arrangement of acids and bases combined. 
I advocate a simple statement of the elements (or acids and bases) separately, 
and any combining of them I am inclined to look upon as padding only 
(to use an expressive word), and as having weight only with the uninitiated. 
I do not object to a statement of any one substance (say a base) as being 
equal to a salt, not in the sense that that amount of that salt is 'present in 
that sample, but as a trade valuation of the base (present) according to a well- 
known or usual standard for its valuation. I find the practice of latter years 
among our clients is to ask only for certain determinations (in potash salts, 
generally of potash only, or for potash and its equivalent amount of sulphate of 
potash or chloride of potassium), and not for detailed analyses, so getting them 
done at a less fee. However, I should see no objection if the Committee 
thought fit to prescribe a mode of statement for detailed analyses which they 
found suited to the requirements of the trade, it being understood that such 
analysis, quoted perhaps as the ‘B. A. statement’ or ‘ B. A. analysis,’ was 
only a statement in a conventional form. Yet a statement of the elements 
(or acids and bases) determined — with at most their amounts in equivalent pro- 
portions (each equivalent proportion =1 of hydrogen) — would give to each 
manufacturer an easy means of making all calculations useful to him as to 
value or the capabilities of the articles for separation or manufacture thereof 
of any compound, and would not parade a lot of fictitious or supposititious in- 
formation to impose upon or awe the ignorant. I incline to the belief that 
every analyst should have respect to the ends sought and need not go beyond 
them. A trader, only finding some constituent or constituents of value for 
his purpose, should be accommodated with estimations of such on paying pro- 


Sulphate. 

Chloride. 
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perly for them, and should not be led to require as ‘the thing’ a lot of other 
information involving greater trouble and higher fees to the limitation of 
general reference to the chemist. The sooner the public learns that chemists 
do not want to take advantage of them, but only to do what is of use to them, 
and that fees are not to be regulated by the number of items given (any more 
than an amount of money by the number of coins of various values it may be 
paid in, but also by the intrinsic value of each), the better I think it will be.” 


In the foregoing Report the Committee has attempted to give an epitome of 
the very voluminous replies which have been received. 

It will be perceived that there are many points on which the evidence is 
very conflicting ; and the Committee feels it impossible to recommend with 
confldence any particular process or processes unless the special conditions of 
accuracy are very clearly defined. 

The large amount of information amassed during the past year has indi- 
cated very distinctly the directions in which further research is desirable ; and 
the Committee, if reappointed, will be able to complete the proposed experi- 
ments and inquiries before the next Meeting of the Association, and make a 
full report on the whole subject it was appointed to investigate. 


Report on the Present State of onr Knowledge of the Crustacea . — 
Part I. On the Homologies of the Dermal Skeleton. By C. Spence 
Bate, F.R.S. ^c. 

[Plates I, & II.] 

In presenting a Report on the present state of our knowledge of the Crustacea, 
I do not think that I should fulfil the object in view without drawing atten- 
tion to what must be one of the greatest hindrances to the progress of any 
study in an exact or scientific manner. I allude to the want of a uniformity 
in scientific nomenclature. 

The names of the several groups and families, as well as those of the struc- 
ture of the animals, given by the earliest carcinologists, having been based on 
a limited knowledge both of the forms and the variation to which this great 
subkingdom is liable, make them inapplicable to the knowledge of the period. 
Leach named one great group of Crustacea Decapoda^ from the number of 
legs that it possesses ; and Dana more recently named another group Tetra- 
decapoda, from the fourteen legs that belongs to its most normal forms. 

Observation has demonstrated that in this latter group some genera, as 
Aiiceus, have but eight legs ; while in the Decapoda it is only a conventional 
rule that prevents the genus Palcemon and its allies from having the appendages 
of the pereion anterior to the last five pairs counted as legs. 

But a greater difficulty still exists where the names given to any parts of 
the animal carry any significance with them that precludes their being ac- 
cepted in their universally correct sense. Thus the third pair of maxillipedes 
in the Brachyurous Crustacea are identical with the first pair of walking-legs 
in the Stomapoda, Amphipoda, and most of the Isopoda. 

It is now exactly twenty years (1855) since I presented to the Association a 
Report on the British Edriophthalmia, in which the same difficulty was pointed 
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out and a nomenclature suggested wMch, it was hoped, would to a largo extent 
overcome the great difficulty in the study of this branch of natural history. 

But although many of the terms there given have become very general in 
use, yet the custom of some writefrs of applying different ones at separate 
times for the same parts is significant of a confusion of ideas that precludes 
the student from a just appreciation of the labours of others. 

I do not think that this difficulty will be overcome for some long period 
unless a committee is appointed by this Association, consisting of all the best 
known authors of carcinological works, who shall determine upon a syste- 
matic nomenclature for the structure and classification of the Crustacea to 
which all future writers shall conform. 

In this Eeport I purpose provisionally, except when quoting from others, to 
make use of the same terminology as that adopted in the previous Report, and 
confine each term to that which has homologically the same signification. 

In the classification of Crustacea in his great work*, Dana states 
that “ in the crustacean type there are normally twenty-one segments, 
and correspondingly twenty-one pairs of members, as laid down by Milne- 
Ed wards, the last seven of which pertain to the abdomen (pleon) and the first 
fourteen to the cephalothorax (cephalon and pereion). Now we may gather 
from an examination of the crab, or macrural decapod, acknowledged to be 
first in rank, what condition of the system is connected with the highest 
centralization in Crustacea. 

In these highest species, nme segments and nine pairs of appendages out 
of the fourteen cephalothoracic belong to the senses and mouth, and five pairs 
are for locomotion. Of these nincy three are organs of senses, six are mandibles 
and maxillae.’’ 

M. Milne-Edwards, in his standard work ‘ Histoire Naturello des Crustaces,’ 
says, “We can generally distinguish among these animals a head, a thorax, 
and an abdomen ; but the limit of these regions is not always naturally well 
defined ; and it is not well to attach too much importance to these distinctions, 
for they do not correspond with the same parts among mammals, birds, &c. 

. . . And in a note to the above he says, “ Guided by the principal viscera 
some authors have given the name of abdomen to the thorax, and that of 
postabdomen to that which we call abdomen ; but after this principle wo 
must consider the head to be a preabdomen, because it contains the same 
viscera as the thorax and abdomen.” 

The twenty-one somites of the t 3 q)ical Crustacea M. Milne-Edwards has 
thus divided — the anterior seven to the head, the next seven to the thorax, 
and the posterior seven to the abdomen. But in his nomenclature of the 
appendages the terms used are suggestive of the anterior two pairs of the 
thorax being attached to the head. In his “ Observations sur le Squelette 
tegumentaire des Crustaces decapodes,” Ann. des Sciences, 1854, the same 
author states that “he has often been convinced thatin many branches of zoology 
the difficulties of the study are considerably augmented by the imperfection 
of the language by which we attempt to formulate the results of our observa- 
tions. The employment of expressions that are vague in the determination of 
zoological characters and the description of the parts that constitute an 
organism convey naturally the superficial observation with which the observer 
was content, leaving in the mind of the reader an amount of doubt which 
retards his desire for distinct information The terms,” he con- 
tinues, “ of zoology are far, at present, from that degree of precision 

These considerations have determined me to make a general revision of the 
* tJaited States* Exploring Expedition, p. 1397. 
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^ carcinological terminology ’ before presenting to zoologists the work that has 
engaged me for some time on the natural distribution of Crustacea from tho 
collection in the natural-history museum.” 

Even after this M. Milne-Edwards uses tho terms head, thorax, and 
abdomen, which he had previously stated to bo ‘‘regions not naturally defined,” 
and gives the appellation of pemptognathe and hectognaiJie to the first and 
second pair of appendages attached to the thorax (or pereion). Dana made 
his researches on the highest form in crustacean life ; so also has M. Milne- 
Edwards in his later observations. But tho two appendages which this latter 
author determines as the seventh and eighth pairs of gnathes are invariably, 
according to his own showing, the anterior two pairs of the thorax. It is 
only in the highest and most consolidated form of crustacean life that we 
find them variated from their typical character so as to make them appear 
organs attached to the mouth ; whereas in a very considerable proportion of 
the various forms of Crustacea they never act as attendants on the mouth, 
but are simply prehensile in their character or locomotive in their power t 
but almost universally throughout Crustacea they are connected with a pair 
of branchial appendages ; and in this they fulfil most efficient work, so that in 
tho highest types their connexion with the mouth is one of secondary impor- 
tance only. 

The first two pairs of appendages belonging to the pereion (or thorax), 
through nearly all the orders, of the typical crustacean exhibit a variation 
that distinguishes them from those posterior to them ; and it may J?e convenient 
to define them, but certainly not by a term that confuses them with appen- 
dages that are only connected with secondary duties. 

Taking into consideration the many and various forms of Crustacea, the 
great and numerous changes they undergo, it is desirable not only to be sure 
that the nomenclature shall be scientifically correct in its determination and 
homological signification, but that it is convenient and applicable to a very 
considerable proportion of the animals it has to define. 

A typical crustacean in any of the well-defined orders can readily be 
divided into three parts, each part to consist of seven somites. 

Tho first division we call the cephalon It consists of the anterior seven 
somites, and supports the organs of sense and appendages adapted to be 
attendants on the mouth. 

The second division we call the pereion. The seven somites that form 
this division support appendages that are more or less adapted for walking in 
their most normal condition. 

The third division we name the pleon. This consists of the posterior 
seven somites; these support the appendages which, when developed, are always 
more or less perfectly adapted for swimming. 

The last somite of the pleon is almost universally variated from the others, 
and is developed much to resemble an appendage itself. It is, however, the 
posterior somite, and as such we designate it by the name of the telson. 

■ The appendages that are attached to these several divisions are known by 
their relation to them. Those that are connected with the senses are deter- 
mined by their character — such as the eyes, antennae, and oral appendages. 

The antennae may be distinguished as the anterior and posterior pair, or as 
the auditory or olfactory respectively, in preference to that of the inner and 
outer or upper and lower, which is liable to vary. So the fourth pair of 
appendages, or the first belonging to the oral group, may be known (from their 
mandibular power) as the mandibles, while the three following may be doter- 

♦ For the dewrivation of these terms see Eeport of the British Edriophthalmia, 1855, 
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mined by their relationship as the first, second, and third pair of inaxillcej or, 
as Professor Westwood has suggested, siagnopoda. 

The appendages of the second division, or seven pairs of legs attached to 
the pereion, may be readily denominated the pereiopoda ; but the anterior 
two pairs are commonly variated for different purposes. In Brachyura they 
fulfil the purposes of opercula to the mouth ; in the Squillidae and Edrioph- 
thalmic Crustacea they are adapted for prehensile and ambulatory purposes ; so 
that it may be found convenient to recognize .them by a distinctive name, as 
gnathopoda. 

The appendages of the third division, or pleon, are never developed for 
walking or prehension, but almost universally arc formed for swimming ; and 
even in the Isopoda, where these are utilized as branchial organs, they oc- 
casionally fulfil the office of swimming-appendages. Not unfrequently the 
last two, as in the Macrura, and the last three, as in Amphipoda, are variated 
in form so as to enable the animal to spring when on land or dart a con- 
siderable distance in the water; and the term uropoda has been applied to 
them ; but their variation is so inconstant that the advantage of defining 
them by any special name will be less than the convenience arising from 
the distinction. 

The integumentary structure is one of the most important in the Crustacea, 
and a knowledge of the variations of its several parts is of much assistance, 
not only to the student of the history of these animals, but also for elucidating 
the knowledge of those forms that have passed away and can be studied only 
through the impressions left imbedded in the rocks. 

The external skeleton of a crustaceous animal consists of series of rings, 
that appear to repeat each other, differing only in modification according to 
the necessity of the various portions of the animal. These rings represent 
and protect externally various segments of the body, each division supporting 
one pair of appendages only and the internal structure that relates to them« 
Each of these several divisions wo call a ‘‘somite,’’ a term suggested, I 
believe, by Professor Huxley in his lectures at the Royal College of Surgeons. 
Of these there are never more than twenty-one ; and this may be considered 
as being the normal number in all Crustacea above those known as the Ento- 
mostraca, in some few of which, as in the genera Apus and Stegocephalus, the 
number of somites appear to be much more numerous ; but there the somites 
appear to be repeated without having any function to fulfil or appendage to 
support — a numerical repetition only, the result of an enfeebled force. 

The first somite supports and carries the organs of vision. In some of 
the most condensed forms the eyes are implanted on the outer side of the two 
pairs of antennee ; but the internal structure invariably shows that the most 
anterior pair of nerves are those that are connected with these organs. The 
progress of development which we purpose alluding to in its proper place 
clearly demonstrates the eyes to bo the most anterior of all the organs. 

The second somite bears the first pair of antennae, which, from its position 
in the higher Crustacea, is generally called the inner pair, and from its posi- 
tion in the lower forms is called the upper pair of antennae. 

The third somite supports the second or posterior pair of antennae ; this, 
from its relative position to the other antennae in the higher and lower forms 
of Crustacea, has been called respectively the outer and lower antennas. This 
somite is so closely associated with the fourth that it is not certain that they 
exist distinct in any species of Crustacea. 

The three anterior somites are generally closely blended together. In the 
earlier forms of development they are invariably so ; but in Bquilla and its 
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congeners tlie two anterior somites are distinctly separated from each other and 
the third. In Palinurus the first is distinct from the second ; but in the 
greater portion of Brachyiirous and Macrurous Crustacea the three first 
somites, and perhaps the fourth, are strongly soldered into one piece. 

This piece in most Crustacea, but more conspicuously so in the more con- 
densed forms, is developed to a greater or less extent, and is recognized under 
the name of the carapace or shield. 

In the lower forms, such as the Amphipoda and Isopoda, it is developed 
sufficiently to cover only the four succeeding somites ; while in the higher 
forms, such as the Brachyura, it is developed so as to protect the whole of the 
animal. 

The carapace varies very much in shape, both in width and length, and 
generally covers the whole of the somites of the pereion ; but not universally 
so. In the Anomura several genera have the posterior somite of the pereion 
exposed ; in the Diastylidae there are three or four somites not covered, and 
in the Edriophthalmic Crustacea all seven are unprotected and developed into 
perfect somites. 

It is one of the earliest features present in the development of the embryo, 
and is distinctly defined in the Naupliits form. Even in this early stage 
of development, as in later existence, the form of the carapace varies 
considerably, and is an easy mark of distinction between genera. It is 
desirable as well as important, in an anatomical point of view, that a clear 
idea should be obtained of the homological relation of this large and con- 
spicuous portion of the highly developed crustacean. This can be done only 
after an examination and comparison of a large number of various forms 
and types of animals, as well as a close investigation and study of the parts 
during their progressive development. 

Miln e-Edwards, as far back as 1834, arrived at the conclusion that the 
carapace in the higher types of Crustacea is ‘‘the result of an excessive 
development of the superior arch of the cephalic antenno-maxillary seg- 
ment. . . . But (Hist, des Crust, vol. i. p. 26) among certain Stomapods, 
such as iSquilla, the head is divided into many distinct segments ; the first 
two, the ophthalmic and antennular rings, are movable and little developed. 
The third and fourth rings are, on the contrary, very large and compose 
between them a single segment that we call the antenno-maxillary. The 
carapace occupies the dorsal portion of the fronton formed by this union, 
and is prolonged above the six following rings.^’ 

“ In studying (1. c, p. 28) the carapace as a whole as well as in its parts, 
we must examine into the rules of the normal organization of Crustacea, not 
only in the later, more or less, remarkable modification, but also the very 
curious structure of certain Entomostraca, where all the animal is enclosed in 
a kind of bivalve shell.’^ 

These views receive general support from Mr, Dana, who, however, takes 
exception to the assertion that the ventral piece of the carapace is formed 
out of what M. Milne-Edwards calls the epimera (1. c. p. 32), but contends 
that they “ are in fact the posterior extension of the mandibular segment 
and he continues, “ excepting that we consider what is here called epimeral, 
the mandibular segment, we agree with Milne-Edwards, for the most part, in 
the above-mentioned deduction ; so that while the mandibular segment is 
confined to the ventral pieces of the Brachyural carapax, it constitutes its 
posterior half in Macrura.’’ 

In 1855 the author of this Report communicated to the ‘Annals of Natural 
History ’ a memoir on this subject, supporting the opinion of Milne-Edwards 
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as ^ the homology of the carapace, but denying the existence of epimera in the 
theory of the somite^ and corroborating the assertion of Dana that the antennal 
segment constitutes the anterior and upper portion, and the mandibular seg- 
ment the posterior and lower portion of the carapace in the Macrura and Bra'- 
ohynra ; and affirmed that the suture which traverses the lower surface forms 
a fine of demarcation between the third and fourth somites ; it homologizes 
with the cervical suture in the Macrura, as also with that which traverses the 
dorsal surface of the cephalon in several genera of Trilobites (PI. I. fig. 5). 

If we wish to judge of the relation of these parts in the several forms of 
Crustacea, wo must make a careful investigation during the immature stages 
of the animal. 

In the Megalopa stage the inferior antennae are attached to the anterior 
external horns of the carapace ; these horns are folded beneath the animal, 
and it is this inflection that forms the orbit in which the eye is lodged. 
Through this inversion, consequent upon the monstrous development of the 
hepatic region, this suture lies upon the inferior surface of the carapace in 
Brachyurous Crustacea, extending posteriorly to the extreme limits of the 
carapace. 

The author concluded his paper by saying, ** But we have seen in the de- 
scending scale of nervous force the rings which carry the organs of conscious- 
ness degenerate in importance, and yield to a corresponding development of 
the mandibular ring : this law appears to be in force in the Amphipoda, the 
lowest type of the Macrura form, in which I am inclined to believe that the 
mandibular ring represents the whole of the upper portion of the cephalic ar- 
ticulation — the anterior three being so diminished in importance, that they are 
to be found only in the perpendicular wall of the head, or perhaps represented 
by their appendages only’’ (Ann. Nat. Hist., July 1855). 

It would scarcely perhaps be necessary to enter further into the evidence 
that supports the homological relations of the carapace, had not Professor 
Huxley, in his Hunterian Lectures at the Boyal College of Surgeons, expressed 
an opinion opposed to the above statements. 

In his twelfth lecture Prof. Huxley says : — In aU the Braohyura and 
ordinary Macrura it appears to me to be obvious that the carapace is con- 
tinuous with, and part of, all the somites of the cephalothorax — that it is 
composed, in fact, of their connate terga, the branchiostegite being nothing 
more than their connate and highly developed pleura ; the cervical suture, 
placed immediately behind the attachment of the mandibular muscles and in 
front of the heart, corresponds in these respects precisely with the posterior 
boundary of the head of a Squilla and of a Branchiopod, or of an Edrioph- 
thalmian. The cephalic arc roofe over the stomach, as does the tergal region 
of the head in these last-named Crustacea. Anatomically, then, it seems to 
be demonstrable that the scapular arc of the carapace in the ordinary Podoph- 
thalmia is the equivalent of the terga of the thorax, that the cephalic arc 
h the homologue of the terga of the head, and that the carapace is formed 
by all the cephalothoracic somites.” 

Before the Eeporter can proceed with any foesh evidence to support the 
argument demonstrative of the homological character of the carapace, it is 
desirable that a clear idea should be given of the theoiy of a somite or 
segment as it exists in Crustacea. 

Prof. Milne-Edwards, in his ‘ Histoire des Crustacds,’ voL i. p. 16, says : — 
“ Each of the rings of the skeleton appears to be composed of two lateral 
moieties, resembling each other. We can distinguish moreover two arcs, 
the one auperior, the other inferior, as shown in the accompanying diagram 
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[pi 1. fig. 3 of his work]. The former results from the assemblage of four 
pieces more or less intimately connected together, and arranged in pairs on 
each side of the median line. The central pieces are called by the name of 
the tergum, and the lateral are called the fianca or epimeral pieces. The 
inferior are is composed of the same number of pieces. The two median 
pieces unite to form the sternum ; end the latter are known by the name of 
the episternum^ by reason of their analogy with those that M. Audouin has 
designated by the same name among insects. They are united always at the 
sternum ; but there generally exists, between the inferior arc and the epimera 
situated above, a wide space destined for the articulation of the corresponding 
member.” 

We know of no example,” he continues, of a ring where we are able 
to distinguish at the same time all the pieces that we desire to enumerate. 
Sometimes there is an absence of some of the pieces from the place they 
should occupy, and sometimes they are very intimately soldered together, so 
that we cannot see even a trace of separation ; but in studying each of them 
separately, where it is most distinct, we shall be able to form a clear idea, and 
recognize its character in spite of its union with its neighbouring pieces. 
Moreover, although this analysis of the ring may not be always practicable, 
it is not the least true that it facilitates much the study of the exterior ske- 
leton of articulated animals, and that it will x^ermit us often to establish 
analogies where there would first appear to exist the greatest difference.” 

‘‘ To terminate the enumeration of the constituent parts of the tegumentary 
rings of the Crustacea, there only remains for us to speak of the plates that 
we often see elevated from the internal surface and arrange themselves into 
cells and canals. These processes are always developed at the points of union 
of two rings or of two neighbouring pieces of the same segment ; and this 
disposition has obtained for them the name of apodemes (from M. Audouin). 
They are the result of a fold of the integumentary membrane which penetrates 
more or less deeply between the organs, and which is strengthened with cal- 
careous matter like the rest of the structure, and are always formed of two 
thin plates soldered together.” 

These views have long been accepted as the acknowledged theory. Kor 
am I aware that any one (except the authors above quoted) has attempted 
upon original investigation to analyze the evidence upon which M. Milne- 
Edwards has formed his theory. 

That the author of this Keport has long held views not consistent with 
M. Milne-Edwards’s theory, is known to those carcinologists who have read 
his Eeport on the British Edriophthalmia, which was communicated to this 
Association and published in its Transactions for 1855, wherein he trusts 
that he clearly demonstrated that the pieces to which M. Milne-Edwards 
gave the name of epimera, and selected by him as typical of his theory, 
were parts attached to the legs, and not pieces of the dorsal arc of the 
crustacean somite. 

He is moreover desirous in this Report to show ; — that the epimera, as sec- 
tional pieces in a theoretical construction of a somite, cannot exist ; that 
the so-called epimera are portions only of the integumentary structure of 
the appendages of the animal, and that the apodema are formed out of 
this structure, more or less thinned out by lateral pressure and internal 
arrangement ; and that the head of the lower types and carapace of the 
higher are homologically the same, the carapace being a monstrous deve- 
lopment intended for the covering and protection of the more complicated 
branchial appendages of the higher types. 
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But tliis portion will be discussed more fully when the structure of the 
d.ppendages is treated of. 

The earliest stage in the life of a crustaceous animal, in which the dorsal 
shield known as the carapace is observable, is that of the young as it exists 
fresh from the ovum of a cirriped(Pl.|I. fig. 1 ). This, which has been named the 
Nauplim form of the Crustacea by Fritz Muller, exists as a small animal with 
three pairs of appendages only. The eyes are not developed, the ocular spot 
not being homologous with the permanent organs ; but since we see that mate- 
rial does enter into the stomach, we can have no great efibrt in accepting the 
proposition that this incipient animal has a mouth ; and such being the case, 
we must assume that the anterior four somites are present in the construc- 
tion of the head of the NaupUus stage of Crustacea. The oral apparatus is 
still in an embryonic condition. 

The next stage of living types in which we can observe the carapace to exist 
in the progressive condition is in that known as the Zom form of Crustacea 
(PI. I. fig. 2). This is the early life of the young of the higher Podophthalmous 
Crustacea. That of the Brachyura is most known and most instructive. Some 
of the appendages are beginning to assume a permanent form. The eyes are 
developed, the antennae (though in an immature condition) are in existence, 
and so are all the appendages of the head except the last. The first two 
pairs of appendages connected with the pereion are present in an immature 
condition, and the posterior pairs are represented by small bud-like appen- 
dages. Dissection readily demonstrates that the carapace in this stage only 
covers, but has no associated connexion vrith, the appendages of the pereion ; 
and a cleser study shows that the heart is connected with and partly exists 
in the great dorsal spine. The relative position of this process, therefore, 
enables us to determine that the future growth of the carapace takes place 
and is connected with the anterior portion of this structure, and not with the 
posterior. In the young of Palinurm^ as well as in the larger forms known 
as Phyllosomcif which appears to be the young of Palmurus older in age and 
larger in size, the carapace is developed largely in advance of the oral ap- 
paratus ; it is produced posteriorly so far as to project over the anterior two 
somites of the pereion, but is not attached to any portion beyond the posterior 
oral appendages. An examination of the Zoea of the various types of Podoph- 
thalmous Crustacea supports this observation; and we can trace the same 
facts from the Zoea, through the Megalopa, to the adult Brachyurous Crustacea 
(PL I. fig. 3). It is therefore desirable that we should see how far the study 
of an adult crustacean will assist us in demonstrating the true relation of the 
carapace to the general structure of the aijimal. 

In Squilla and allied forms of the same type the two anterior somites (the 
Brst of which supports the eyes, the second the anterior pair of antennae) exist 
as distinct and perfect, though small somites ; whereas the two succeeding are 
closely associated together, and appear as a large dorsal plate supporting the 
posterior pair of antennse and mandibles. The posterior three somites belong- 
ing to the cephalon and the first two belonging to the pereion are represented 
by the sternal plates only. In the young forms the anterior two somites be- 
longing to the pereion are in a membranous condition dorsally complete. 

According to the theory of Professor Huxley, the carapace represents the 
dorsal arc of all the somites that it protects and have not a distinct roof of 
their own. 

It is therefore desirable that we should loam what may be the distinct 
useful value of the carapace, and why each somite would not serve the same 
purpose by being perfect in its own arc. 
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The branchial organs, that are so essential to tho aeration of the blood in 
all aquatic animals, are in the Crustacea appendages attached to the members 
belonging either to the pereion or pleon or both. In the lower and terrestrial 
types, such as the Isopoda, they are connected with the pleon only. In some 
Stomapods, as Squilla and its allies, we find them attached to the pleopoda 
as well as the pereiopoda; but in the higher groups they are invariably 
attached to the pereiopoda only. In the most simple form the branchim 
exist as mere saccular attachments, whereas in the higher types they become 
more complicated and voluminous. In the saccular condition they are held 
by a small neck pendent from the joint, and are exposed in the water without 
protection; but in the higher Podophthalmous types they are formed of 
very numerous plates folded close together upon a central stalk, and would 
be very liable to injury if not protected by some means. 

The branchiae, therefore, being in their very nature external organs, and 
attached to the first joints of the several appendages of the pereion, it is 
self-evident that they could not be covered or protected by their own somite, 
inasmuch as if it had passed over them the branchial appendages would be- 
come internal. Their character and constitution would therefore bo changed ; 
they would cease to be external ; in fact they would cease to bo branchim. 

Eut since the appendages exist as branchim and are covered and protected, 
it must follow that if the protection cannot be evolved from tho somites to 
which they arc secondarily attached, the covering must bo the result of the 
development of some other somite. 

The somites in their simple conditions have a tendency to overlap one 
another to an extent that precludes them from permitting any portion of the 
intermediate structure being exposed. 

That the somites have a tendency to extend in every direction, is very evi- 
dent from the different proportions and forms they severally undergo in various 
genera, and those which compose tho carapace exist in all proportions. 

In the Isopoda tho cephalon is reduced to the smallest extent in a typical 
form of Crustacea. In the Amphipoda the ceidialon is much larger than 
in the Isopoda ; but in neither of these is tho integumentary covering pro- 
duced to cover or protect any somite that is not included within its ana- 
tomical bounds. In tho Diastylidoe, one of the lowest forms of the Schizopod 
type (where tho branchiae consist of but one or two pairs of a multicellular 
form), the tergal projection of the cephalon extends posteriorly over half tho 
pereion ; whereas the lateral walls are anteriorly produced, so as to protect 
and cover the anterior cephalic appendages. These animals burrow and 
live in the mud and sand ; and no doubt this development of tho carapace 
forms a good protection to the eyes and antennal organs. Thus we can 
readily interpret the origin and homologuo of the shell-covering in Limnadia, 
Cypris, &c., by supposing a monstrous development of tho carapace in every 
direction, induced as a protection to a feeble animal that but for this pro- 
tection must perish in its destructive habitat. 

In Squilla and its allies (the typical form on which Milne-Edwards has 
based his researches) tho carapace does not extend posteriorly beyond its 
anatomical bounds ; laterally it projects interiorly more so ; but the great 
size of this plate arises from the large amount of space that exists between 
the mandibles and the antennae ; and as a carapace it is scarcely more impor- 
tant than the tergal surface of tho cephalon in the Amphipoda. The 
branchial organs in this type of animals are saccular, or more rudimentary in 
their condition than the same organs attached to the pleon. The carapace 
as a covering is not required to protect these branchial organs, which are 
1875. E 
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not more important than the same in the Amphipoda. Gradually, as the 
branchise assume a more complicated or multicellular condition, the carapace 
increases in dimensions both laterally and dorsally, until we perceive it 
reaches the important feature we find in the Brachyurous Crustacea. 

In Squilla the eyes are home on a distinct somite ; in Palinurus the same 
is distinctly visible ; in Cancer the ophthalmic somite is likewise distinct and 
separated from the next succeeding, but it is wrapt over and enclosed by the 
next or anterior antennal somite. In JSquilla also the first pair of antennas 
are borne on a somite distinct from the succeeding. In the Macrura and 
Brachyura this and the succeeding somites are closely blended together ; but 
in Squilla the fifth, sixth, and seventh somites arc capable of being deter- 
mined by their sternal pieces only. As we perceive the tergal pieces of the 
somites of the pereion are wanting in the Brachyura, so we may assume that 
they are not developed in the posterior somites of the head in Squilla under 
similar conditions. There therefore is every reason to believe in the theory, 
that the monstrous development of the mandibular and posterior antennal 
somites, incorporated together, unite to form the perfect carapace that is so 
characteristic of the typical Crustacea. 

^ But whatever may be correct in a theoretical or transcendental point of 
view, for all anatomical and practical requirements the carapace represents 
the tergal surface of the cephalon, so largely developed as to cover and pro- 
tect not only the pereion, but, as in CryjqtoUthodes, the entire animal. 

In the development of the Crustacea the gradual progress of the carapace 
may be traced through all its stages. 

In the ovum the members are first represented by small gemmiparous 
sacs, and precede the formation of the dorsal or ventral arcs in the small 
Nauplius, The carapace covers and protects all the animal except the plcon ; 
but this represents only the four anterior somites and their appendages. In 
the Zoea stage the carapace is perfect and folded downwards laterally, and is 
capable of covering and protecting all the appendages of the cephalon and 
the anterior two of the pereion. At this period no branchial organs exist, 
but saccular appendages in an embryonic condition are budding in their places ; 
in a short time the pereiopoda are seen to form, and the branchial organs 
assume a definite character ; and with their appearance a change takes place 
in the form of the carapace. 

In a^ largo number of Brachyural Zoece a more or less conspicuous spine or 
tooth-like process may be seen to occupy a position on the lateral walls. This 
spine, from observation during the progressive growth of the animal, is seen 
to correspond with the angle in the adult that defines the demarcation 
between the branchial and hepatic regions. The deflection of the carapace 
anteriorly bends over the hepatic lobes, the line of the greatest curvature 
being frequently surmounted by a series of well-defined tooth-like cusps ; and 
posteriorly bends over the branchial organs, the curvature here being less 
abrupt and seldom surmounted by any cusp or process. 

Externally the carapace covers and protects both the hepatic and branchial 
organs ; but internally a calcareous wall of demarcation exists. 

This wall, which Milne-Edwards terms the apodema, is continued into a 
thin membranous tissue that makes a distinct and well-defined separation be- 
tween the branchial appendages and the internal system ; so that the aqueous 
element, so necessary for the aeration of the blood as it passes through the 
branchiee, may have full power to play upon the giUs without having any 
passage that would admit it to the internal viscera and derange the general 
economy of the animal. 

Not only does the carapace vary in external form, but also in the configu- 
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ration of its surface. The relation that it holds to the internal viscera is to 
afford protection and means of support. 

When the former only is required, the structure is generally smooth and 
even ; where the tissues are internally thicker and irregular, it gives to the 
external surface an indented and irregular aspect, which is common, parti- 
cularly in the flat and short-tailed Crustacea, where the markings are so per- 
sistent as to afford a very valuable assistance for the determination of species. 

These markings are generally induced by the attachments of the tissues 
that secure certain viscera in their positions ; these form generally points of 
depression ; but where any organ (such as the liver, stomach, or branchial 
appendages) is protected, the corresponding points in the carapace are ele- 
vations, sometimes crowned with a pointed spine or process. The branchial 
appendages are external in relation to the body of the animal, but covered 
over and protected by the lateral walls of the carapace. To complete this 
so as effectually to protect those organs without pressing on or interfering with 
their functions, a very considerable amount of lateral development has taken 
place, and a peculiar reflection so as to bring the margin of the carapace 
below the branchial appendages and to protect them from rude contact with 
the limbs. The angle which is induced by this inflection of the carapace 
over the hepatic lobes and enclosing the branchiae is generally well defined 
and ornamented with points or processes more or less numerous. These 
processes define the dorsal limits of the carapace. 

Desmarest, half a century since, mapped out the dorsal surface of the 
carapace into regions coinciding with the limits of the internal viscera. 

Milno-Edwards, in his ^Histoire des Crustacea,^ published in 1839, adopted 
the same views, supporting it by illustrations from several genera. 

Professor Dana more recently, in his great work on Crustacea, has divided 
the dorsal surface into many more regions, taking the numerous areolites that 
are present in some genera (as Zozymus), 

Ho divides the carapace by a transverse line that extends from just ante- 
rior to the last of the normal lateral teeth to the same on the opposite side, 
and separates it into anterior and posterior portions. 

The anterior he again divides into three parts, defined by lines of depres- 
sion, and names them the median region and two antero-lateral regions. 

The median region covers the stomach, and includes the gastric and genital 
regions of Desmarest. 

The space anterior to the median region he calls the frontal, and on either 
side the orbits form another, which may bo called the orbital region. 

The posterior portion of the carapace he likewise divides into a posterior 
and two postero-lateral regions. 

Professor Milne-Edwards in 1854 readdressed himself to this subject and 
further elaborated it. In the ^ Annales des Sciences Naturelles^ he communi- 
cated his researches with illustrations from several genera, and divided the 
dorsal surface of the carapace into regions corresponding with the names of 
the internal viscera. But it appears to me that the correspondence in many 
parts exists in the name only ; as, for instance, in the gastric region, which he 
subdivides into epigastric or anterior lobes of the gastric region, protogastric 
or latero-anterior lobes, mesogastric or median lobe, metagastrio or latero- 
posterior lobes, and urogastric or medio-posterior lobe of the gastric region. 

It is quite within the power of demonstration to prove that it is more in 
accordance with the correct anatomical detaffs of the animaTs structure if 
the lobes that he named metagastrio, or latero-posterior lobes, were called, 
according to Desmarest, the genital regions after the viscera they protect. 
And no advantage appears to me to be derived from dividing a region 
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into parts that are not constant, and when present do not represent any in- 
ternal organization, as he has done in dividing the branchial region into : — 
cpibranchial, or anterior division of the branchial region ; the mesobranchial 
and metabranchial divisions, which consist of lobes variable in form, but 
represented in most genera by a smooth surface. 

The cardiac region ho divides into an anterior and posterior portion. The 
anterior alone represents the position of the heart ; the posterior represents the 
part that lies between the heart and the posterior margin of the carapace. 

The hepatic regions he does not subdivide, but circumscribes their limits 
within the extent of the internal organ — an object of consideration, as it 
appears that the extent of this organ is one of the most important features 
in the moulding of generic forms. The other regions are those situated on 
the ventral siufacc, and which will be considered in a future lleport. 

The value of a clearly dehned knowledge of the various markings that aro 
represented on the dorsal surface of the carapace of Crustacea is best appre- 
ciated in the study of fossil specimens, where the remains of animals, how- 
ever well preserved, can be read by their external features only. 

It is therefore with a view to accelerate this that I have in this lleport 
endeavoured to lay down the several regions that are represented by the 
markings exhibited on the surface of the carapace. 

Taking advantage of the information conveyed by studying the labours of 
tho previously mentioned eminent carcinologists, I have laid it down as a rule 
for guidance, that the external markings must define the internal structure ; 
and where this is not tho case the lobe or projection exists as an excrescence. 

The most important and constant divisions arc : — 

The anterior, which lies immediately above the antero-cesophageal gan- 
glion, This may readily be subdivided into the orbital and antennal portions. 
The entire region, from its relation to those organs from which alone intelli- 
gence is derived, may bo termed the cephalic region. 

Directly posterior to tho cei)halic region is the gastric ; this is generally 
very conspicuous, the intensity of the postero-lateral markings being rendered 
more distinguishable by the inner surface of the carapace being adapted for 
the attachment of the anterior tendon of the mandibles. 

Tho stomach consists, in the more perfectly developed types, of a large 
central chamber, the form of ■which not only varies in genera, but is capable 
of extension and of being collapsed in the same individual. It has also 
antero-latcral cavities and a posterior or pyloric extension ; but these are 
produced at a lower lino, and therefore liable to be less conspicuously repre- 
sented on the dorsal surface. 

The lobe which M. Milno-Edwards has termed the mesogastric, corresponds 
with that portion of the stomach that is projected above the gizzard-like 
plates that stand at the entrance of the pyloric chamber. 

On each side of the pyloric or mesogastric lobe are two generally well- 
defined lobes that correspond, and are probably induced by the presence 
beneath of the genital apparatus in the male and the commencement of the 
ovaries in the female. I think, therefore, that it is desirable to retain 
for these lobes the name that was first bestowed upon them by Desmarest, 
and call them the genital regions. 

Posterior to these comes the cardiac region, which corresponds very closely 
with that of tho heart, which lies immediately beneath it. 

Posterior to the heart the carapace protects no distinct viscera ; but tho 
posterior margin covers the anterior half of the first somite of the pleon. 
The muscular system which moves the pleon is attached to thp apodema that 
divides tho cardiac from the branchial cavities, which also afifords attachment 
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to the extensive membrane that protects tbo internal viscera from the intro- 
duction of the water. Tliis membrane is continuous with and attached to 
the inner surface of the posterior margin, and is represented generally by a lobe 
that runs parallel with the posterior margin. This portion may conveniently 
be known as the postcardiac region. 

The hepatic regions extend on either side from the orbital region anteriorly 
to the posterior tooth of the hepatic crest, and arc bounded by the gastric and 
branchial regions. This is a larger portion than is admitted by Milne-Ed- 
wards, but it is one that corresponds with the extent of the hepatic viscera. 

The branchial region reaches from the posterior tooth of the hepatic crest 
to the posterior margin, along which it traverses nearly to the median line 
on cither side, and is bounded on the inner side by the cardiac and genital 
regions, and anteriorly by the hepatic regions, from which internally it is 
separated by a thin membranous partition. 

These several divisions appear to me to bo based upon strictly anatomical 
grounds, and as such may be regarded as natural divisions, the variation 
of which must depend upon that of structure, and therefore may be relied 
upon as aftbrding characteristic distinctions. 

The great consolidation of the anterior somites of the skeleton has led Prof. 
Dana to pronounce the centralization to amount to a cephalization of the forces ; 
but this opens a subject of considerable extent and interest, which, if permitted, 
1 hope to present in a continuation of this Eeport at the next Meeting of the 
Association. 


EXPLANATION OF THE PLATES. 

Ecforenccs in each Plate t he same : — 0, Cephalic region ; 0 0, Ox-bital region ; B Sto- 
machic region; P, Pyloric region , HH, Hepatic region ; Gtl Gfi, Genii al region ; Ccr, Car- 
diac region; Post-Car, Post-Cardiac region; M, Muscles connecting the percion with the 
plcon. 

Plate I. 

Fig. 1. Carapace of Nau];>lins, or earliest larval form of Crustacea. 

2. Carapace of Zoea, or second larval form. 

8. Carapace of Mcgahpa, or third larval form. 

4. Carapace of Piasti/lis. 

5. Carapace of TnJvhita, with that of Mecfalopa displayed on it, to demonstrate the 

homological relation of the tlssuro on the ventral surface of the latter with that 
on the dorsal surface of the former. 

0. Carapace of Cancer pagimc^. 

7. First or ophthalmic somite of Cancer, with ophthalmic appendages and eyes 

attached 

8. Second or anterior antennal somite, sliowing external or anterior surface: a a a, 

ophthalmic cavity and foramen; hhh, anterior antenna, cavity, and foramen. 

9. Same, showing internal or posterior surface: a, ophthalmic foramen; bb, anterior 

antenna and foramen. 

10. Posterior antennal somite, dorsal aspect; carapace removed to show the internal 
surface of the ventral portion of the somite : c c, posterior antennal ; ol ol, olfac- 
tory foramen. 

* Plate II. 

Fig. 11. Diagram showing the connexion of the branchia) with the logs and the external 
character of the branchial chamber in relation to the internal viscera: BB, 
branchial chambers ; A^) Ap, apodema. 

12. Dorsal surface of carapace, show'ing the natural portions into which it is divided. 

13. The carapace removed to show the internal structure and the relation of the 

viscera to the external marking in fig. 12. 
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Second 'Report of a Committee^ consisting of Prof. A. S. HerscheLj 
B,A.y FM.A.S.y and Gr. A. Lebour, F.G,S.y on Experiments to 
determine the Thermal Conductivities of certain Rocks ^ showing 
especially the Geological Aspects of the Investigation. 

The original object proposed to be effected by the Committee of devising a 
simple and direct method of determining approximately the absolute thermal 
conductivities of solid bodies, and especially of the rocks of most common 
occurrence in geological strata, has not yet been entirely carried out. But 
the experiments described in the last Peport wore repeated under new con- 
ditions, which enable the Committee to present, with more confidence than 
in their last Eeport, a list of absolute conductivities of the rocks there spe- 
cified, and to add to the list examples of some further important determina- 
tions. Many uncertainties remained to be removed from the values given in 
the former list, the most notable of which proceeded from the looseness of 
the contact obtained between the points of the thermopile and the two faces 
of the tested plate of rock. The real difference of temperature between the 
two faces was not measured, but that between the air- currents round the 
points of the thermopile in the two sheets of velvet which jHcsscd them 
against the surface of the plate. Thus difference of temperature two or tlireo 
times as great as those intended to be measured (and as those which were 
actually observed when in a few cases the points of the thermopile were 
solidly cemented to the rocks) were constantly recorded. Assuming that the 
indications were always too great in a certain fixed proportion (determined 
approximately by the direct experiments made in a few certain cases), the 
former list of estimated absolute conductivities was compiled from the use of 
the velvet-covered apparatus. India-rubber faces about two millimetres (or 
one twelfth of an inch) in thickness are now stretched tightly over the flat 
faces of the cylindrical cooler and steam-boiler, and are bound down with 
wire, air being carefully excluded from these junctions by displacing it with 
a little oil. While the top of the boiltT is formed of a thick, circular, brass 
plate a little convex (about one millimetre high in the centre) on the upper 
side, a tripod wooden stand, with straight legs passing through the lid of the 
cooler, rests upon the inner side of its base in the sockets of a flat, circular, 
perforated brass plate with wide lattice openings, and somewhat less in 
diameter than the cooler-base, between which and the base of the cooler, 
again, two thicknesses of coarse wire gauze are introduced, to permit free 
access of the water in the cooler to the inner surface of its tinned-iron base, 
when the central rod of the agitator, which contains the indicating thermo- 
meter, is raised and lowered frequently enough to keep the water in a con- 
stant state of motion. Two twenty-cight-pound weights, suspended from an 
iron link or cross bar carried by the tripod stand, communicated in this 
series of experiments a pressure of about 3 lbs. per square inch to the rock- 
plate placed for examination between the india-rubber-covered faces of the 
boiler and the cooler ; and it was expected mat tho exclusion of air from 
round the points of the thermopile and from the junctions between the faces 
might be assumed under these conditions : but as india-rubber offers great 
resistance to tho passage of heat, it was found inconvenient to use it of suffi- 
cient thickness to accomplish this directly by its elasticity^ ; and recourse 

* Altho\igh thickly jacketed with a close covering of felt and fur, the cooler, containing 
2^ lbs. of water, was found to lose heat to the atmosphere at the rate of 0° '002.5 F. per 
minute for each degree of excess of its temperature above that of tlie surrounding air ; 
and for an excess of 20° F., which was sometimes reached, the loss being 0°'05 F., the 
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was had, in consequence, to soft cements, to make the junctions between the 
surfaces air-tight. An experiment was also made with slate, by plastoriD 
the thermopile solidly to it with thin sheets of india-rubber moistened with 
mixture of red-lead and oil, and testing the conductivity of the plate when, 
after remaining for two weeks under pressure, the cement appeared to have 
solidified to perfect hardness. The result in this case (301) scarcely dif- 
fered either from the estimated number for the same rock-plate (392) given 
in our former list, or from two other determinations (414 and 425), when, 
instead of the solid junction, a thin paste of boiled starch and another of red- 
lead and oil wore used in succession to cfiect the junction. Two new 
specimens of slate, cut from one piece, and tested by the same process, with 
moist lutings of starch and linseed- meal to secure the junctions, gave as 
values of their conductivities in different experiments the rather lower num- 
bers, apparently belonging to this different sample of the stone, 340, 346, 
349. The i)late of white Sicilian marble described in the last lleport as pre- 
senting when tested, by attaching the thermopile to it solidly with plaster, a 
resulting conductivity 559, now afforded, with moist linseed luting, the 
number 497. Whinstone, which formerly exhibited in the same manner an 
absolute conductivity 312 , now afforded, with linseed luting, the conduc- 
tivity 333. The results obtained with moist lutings are sometimes in excess 
and sometimes in defect of those observed with solid junctions, and nothing 
necessary to be preferred in solid over liquid attachments of the surfaces to 
each other was found to be indicated by these preliminary trials. 

The inconstancy of some determinations now attempted of new rock- 
specimens with the iron and palladium thermopile led to the discovery that 
its rolled branches produce thermoelectric currents by alteration of the con- 
dition of the pressed metal ; and no annealing by heat was able to remove 
this serious objection. While unequally pressed parts of the wire along its 
branches wore subjected to unknown temperatures, it was obvious that small 
differences of temperature could not be measured satisfactorily with the 
thermopile, and no reliance in respect of ultimate accuracy could be placed on 
the values found up to this time with the instrument in its first constructed 
form. German-silver wire was, however, substituted successfully for palla- 
dium in the thermopile, with which the present series of experiments were 
made. It consists of three rolled wires of German silver and two of iron in 
series, between two rolled iron-wire terminals of a Thomson’s reflecting 
galvanometer, three junctions of the flattened helix into which they are 
wound upon two bracing-bars of wood being above, and three below the 
rock-section, which slips easily between them. A stout india-rubber collar 
(half an inch in thickness) surrounds the rock-section before it is placed be- 
tween the wire grating of the thermopile ; and similar collars round the con- 
fronting ends of the boiler and cooler make a continuous non-conducting 
casing of the rock-plate and of adjoining parts of the apparatus, protecting 
them entirely, when the pressure acts upon them and upon the lutings that 
connect them, from heat-communication to the outer air. Although German- 
silver wire (even if unflattened) produced, when slightly heated at certain 


effects of undetected external influences might become sensible were the rate of heat- 
transmissiou to be measured less than 0°'2 b\ per minute. Tlie rate actually observed 
witb the apparatus above described was between 0°'194 witli canncl-coal and l)°'400 with 
quartz ; and in the following list of absolute conductivities the projicr correction for the 
external air-teniperature round the cooler has in every instance been applied. 

* The significant figures only of the decimals representing the absolute conductivities 
in the following Table are hero used, for brevity, to denote them. 


p a? 
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points of its length, sensible thermoclcctrical effects of local disturbing cur- 
rents, which (as was also observed in the palladium wire and in some other 
metals which were tried) did not appear to be removed, like those of strained 
iron wire, by annealing at a considerable heat, yet the high electromotive 
force of the German-silver iron couple and the neutralizing effect of the 
several loops of German-silver wire, all exposed to the same temperature 
variations, were found, in*somc suitable experiments made in the process of 
determining the scale of the instrument's indications, to have almost entirely 
eliminated the influence of these small disturbing actions ; and the smallest 
differences of temperature, of only two or three degrees, occurring in the 
rock- conductivity experiments could be accurately measured. Eesistances of 
two, five, and ten ohms were included in the thermoelectric circuit succes- 
sively in each experiment ; and the proportionality of the galvanometer read- 
ings in these several conditions being constant, showed the constancy of the 
resistance, and accordingly the unvarying scale-value of the indications of 
the instrument for every observation ; while the zero of the scale-readings 
could also bo conveniently determined at any moment by unplugging, i]i the 
rheostat connected in the circuit, a very largo resistance of 1000 ohms. 
Twelve, seven, and four divisions of the scale represented respectively 1°E., 
when the several resistances above named were used * ; and three readings 
being taken for every temperature-difference observation, the results reduced 
in this proportion were accordant to one or two tenths of a degree, as long 
as the total resistance of the circuit had undergone no variations from acci- 
dental injuries of the coni] exions, and as long as the thermometric value of the 
scale-divisions had accordingly been preserved. The electromotive force of 
a German-silver iron thcrmo])ile is shown, by Prof. TaiPs representation of 
the specific curves of these metals in his ‘Pirst approximation to a Thermo- 
electric Diagram,^ to bo at ordinary temperatures very exactly proportional 
to the difference of temperature between the junctions ; and the temperature- 
differences noted in these experiments may, it is presumed, he accordingly 
regarded as affected by only very small errors of uncertainty. The thickness 
of the flattened wire (about ()'5 millim.) of the thermopile occasioned, 
however, even with the considerable pressure used, a certain thickness of the 
lutings; and it is probable that, from this cause as well as from the partial 
fluidity, instead of perfectly solid nature, of the cement, the temperature-difier- 
onces observed somewhat exceeded those which actually existed between the 
faces of the tested plates. Pesidcs the small con cctions for escape of heat 
from the cooler to the outer air, an addition of one tenth to all the observed 
conductivities is made in the present list for the cooler’s thermal capacity and 
for that of the brass foot, wire gauze, and agitator, which it enclosed, the cor- 
rection for which v as not included in the conductivities assigned last year. The 
flnal results in the present list arc, notwithstanding this correction, somewhat 
inferior to those formerly observed with the thin palladium-iron thermopile, 
w’hether its attachments were solid or cflccted by moist cements ; but in re- 
peated experiments with that instrument on quartz and other rock-sections 
offering only small resistances, the results arrived at were in general so high, 
and at the same time so irregular, from the predominance, in measuring their 
small temperature-differences, of the local currents, that for this reason only 
a partial dependence on its generally higher indications can be placed. Tlie 

* An accidental injury which happened to one of the solderings was thus immediately 
detected; and llio fault having been found and repaired, when the instrument was re- 
graduated, it vas found to afford, with the above resistances in its circuit, exactly the 
same proportional >[111108 of the scalo-iudications as before. 
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presence of the thin layer of moist luting of linseed-mcal (mixed with between 
three and four times its weight of water) in the new series of experiments 
makes it probable, on the other hand, that the absolute conductivities pre- 
sented in the following list are under rather than above, and may occasionally 
bo five, ten, or, in the better- conducting rock-specimens, possibly even twenty 
per cent, below their real values ; but the present arrangement of the series 
in a progressive scale of the observed values of the conductivities may bo 
more certainly regarded as in the main correct. 

Some experiments to compare the resistances of different rock-sections 
with that of the luting and india-rubber faces between which they were 
I)laced, with a view of obtaining relative conducting-powers more expe- 
ditiously without the use of a thermopile, were also made ; but although this 


AUoluU Conductivities and Resistances of Roch-Sections, 



Absolute conductivities in 
C G.S. iimts. 




Section of rock. 

Therm o])ile 
witli local 
currents. 
Rock between 

Compensated 
Thermopile, 
moistly luted 
to the rocks 

Absolute 
resistances 
(or 1 ~ con- 
ductivity). 

(1875.) 

Resistances in 
an ascending 
symbolic scale. 


velvet faces, 

(1874.) 

with pressure. 
(1875.) 


(1874^.) 

(1875t.) 

Opaque white quart?! 


r 0 00882 If 
1 0 00870/ 

114 

... 

A 

Slate (cut across the cleavage. 


0 000(10 

152 


A 

Specimen A, Fcstniiog). 


000500 




Calcito (white veni-stutT in 


108 

... 

A 

mountam-limrstone). 






Kenton sandstone (thoroughly 



ooor.04 

1 C 8 


A 

wet). 

Do. (dr^) 

0 00489 

0 00.549 

182 

(n) 

A 

Grey Aherdeen granite 

0 00000 

0(.MI5j4 

105 

A 

A 

Irish fossil iiiurhlo 

0 OOo.hO 

0 00488 

205 

R 

B 

Devonshire red do 

0 00525 

0 00409 

213 

B 

B 

Sieilian white do 

0 00559 § 

0 00402 

210 

B 

B 

Red Coniisli serpent uio 

0-00483 

000399 

251 

a 

B 

Whinstone 

0 003I2§ 

0 0036({ 

273 

D 

B 

Slate (cut parallel to the cleav- 

0 00392 

000303 

275 

D 

B 

age. Specimen A). 


0 00325 

308 



Do. (do. Specimen A, Fes- 


... 

C 

tiniog). 






Cali on Ilill trap-rock (from foot 

0 00520 

000332 

301 

(B) 

C 

of the Observatory garden, 
Edinburgh). 


0 00247 




Red brick (thoroughly wet) . . 


405 


C 

English alabaster 

0-60112 

0-(K)234 

427 

(C) 

C 

Plaster of Pans (plate, tho- 


OOOICO 

625 


D 

roughly wet). 



080 



Red brick (dry) 

Plaster of Pans (plate, dry) .. 

. ... 

0 00147 

K 

D 

0 00103 

000120 

833 

E 

Cannel-coal 

O-OOIGI § 

0-000(>5 

1538 

K 

K 


* See Report, 1874, p 132. _ t See Diagram, page 59. 

J Average of two equally good determinations 0’0()879. 

§ The conductivities marked tl ms were obtained by solid junctions of the thermopile 
to tlie rock-faces with plaster of Pans, the remaining numbers of the column were de- 
rived (in a constant proportion obtained from those) from conductivities observed with 
the thermopile pressed against the rock-surfaces by velvet faces, 
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method of comparison appears to be the best adapted, by its directness and sim- 
plicity, for determining relative resistances, the conditions of contact and of 
communication of heat across the junctions appear to be subject to so much 
variation that results of groat discordance only have hitherto been obtained. 
Before abandoning a process which recommends itself by its case and sim- 
plicity, further experiments, however, will be tried to remove if possible, 
from a method which promises in the sequel to become so much more expe- 
ditious, all the most influential sources of disturbance. 

The unit in which the absolute conductivities are expressed is the same as 
that adopted (employing the centimetre, gramme, and second as its basis) in 
the Table of the last lieport ; and the absolute resistances in the fourth column 
of the Table are the simple reciprocals of these, or the quotient of unity 
divided by the absolute conductivities. As it is in the form of this quotient 
or of the absolute resistances that the capacities of rock-strata for conducting 
heat are most conveniently employed in calculation, a graphical construction, 
and at the same time a convenient symbolic scale of the various grades or 
degrees of absolute resistance presented by different species of rocks, is 
here annexed (p. 59), with a view of exhibiting to the eye the general extent 
and character of their specific variations. 

Among the rock-sections re-examined, three only (Kenton sandstone, 
Calton trap, and English alabaster) are displaced, in the present list, from 
their previous order of succession. The rough and porous surface of the 
Kenton sandstone placing it more elTectually in contact with the moist 
cement than the smooth surfaces of other rocks, may he accepted as an 
explanation of the high conductivity which it now presents ; but tlio rough 
surface of the Calton trap and the smooth faces of the alabaster (although 
these rocks arc not, like the specimen of sandstone, extremely porous) would 
give rise to the same or to an opposite variation ; while both are lower in 
the list than the smooth-faced rod serpentine, which has not altered its 
position. The defective indications of the first consfriictcd thermopile may 
have introduced errors of the determinations in these latter cases, while it 
may probably be to its porosity alone that the Kenton sandstoiio now owes 
its somewhat superior j)osition. 

The question of the effect of porosity and of the saturation of rocks with 
water in increasing their conducting-poAver was suggested by the late 
Mr. W. J. Henwood as one deserving of the Committee’s accurate investi- 
gation ; and several observations for this purpose were made, of which the 
results arc included in the Table. It was found that of three porous rocks 
examined, Kenton sandstone absorbed (when freed from air in. vacuo) 5*7 per 
cent, of its weight of water, while its conductivity rose in consequence from 
549 to 594, or 8 per cent. A plate of fine rod building-brick, whose absorp- 
tion of water was 15*G per cent, of its weight, received by this treatment an 
increase of conductivity from 147 to 247, or 08 per cent. ; while a plate of 
plaster of Paris which absorbed 20 per cent, of its Aveight of water, rose in its 
conductivity by the saturation from 1 20 to 100, or not more than about 
33 per cent. There is no appearance of regularity in those increases, but to 
a more copious saturation with water it is evident that a higher proportion 
of increase of the conductivity is connected ; and again, comparing the highly 
conducting sandstone and the badly conducting brick or plaster, it is also 
OArident that to every percentage weight or measure of Avatcr absorbed by 
the badly conducting substances, there corresponds a considerably greater 
percentage increase of the conductivity than for the absorption of the same 
percentage quantity of water by the better conductor. That this may arise 
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from appreciably good conductivity of water itself may be inferred with 
some degree of probability from the observations of Prof. Guthrio*, that 
films of water offer from four to fifteen times less resistance to the passage of 
boat through them than those of any other liquid (mercury excepted) of 
whoso relative thermal resistances he obtained determinations. Prom Dr. 
Sterry Hunt’s recent publication f the following Table of porosities and 
densities of various rocks is extracted, showing to what extent the presence 
of water among such strata may be expected, according to the general 
conclusions, to affect their thermal conductivities and to diminish their 
resistances. 


Table of Densities and Porosities of certain Bodes, 


Description of 
rock. 

Density 
(real speci- 
fic gravity). 

Absorption 
of water by 
100 volumes 
of rock. 

Description of 
rock. 

Density 
(real speci- 
fic gravity) 

Absorption 
of water by 
100 volume.s 
of rock. 

1. Sandstone (Pots- 
dam) (hard and 
white) 

2644 

2-G38 

2-633 

2 618 

1*39-^ 

2*72 

2*26 

247^ 

average 

-2*21 

20. Limestone, Tren- 
ton (black com- 
pact) 

2714 

0 30 

average 

3. Do. do 

4. Do. do 

21. Do. (grey com- 
pact). 

2-715 

0*32 

5. Do. (with Stoli- 

thus) 

6. Do. do 

7. Do. (with Lin- 
gula). 

2*636 

2 641 

2 611 

6*94' 

7*00 

8*06 

22. Do. (crystalline) 

23. Do. do 

24. Do. do 

2*673 

2 708 
2*684 

1*16 

1*34 

1*70 

il*40 


25. Dolomite (Nia- 
gara). 

2*679 

5*27 1 

8. Do. Sillery (green 

argillaceous). ... 

9. Do. do 

2*795 

2*710 


273^ 

2*85, 

2-79 

26. Do. (Calciferous) 

27. Do. do 

28. Do. do 

29. Do. do 

2*833 

2 838 
2*822 
2*832 

2*151 

2*53 

0*61 

7 22. 

■4*88 

10. Do. Medina (red 

argillaceous) ... 

11. Do. do 

2767 

2 776 

8371 
10*06 J 

■ 921 

30. Do. (Guelph) ... 

31. Do. do 

2829 

2*810 

10*601 

1004) 

10*32 

12. Do. Devonian (fine 

grey) 

13. Do. do 

2*646 

2*645 

2*649 


20*24 

20-64 

21*27 

2071 

32. Do. (Onondaga) 

2*825 

. 

10*92 

14. Do. do 

33. Do. Chazy (ar- 
gillaceous) 

34. Do. do 

35. Do. do 1 

36. Do. do 

2*824 

2*823 

2-825 

2891 

13 551 
3*75 

4 09 
10*12. 

- ~ 

15. Shale, Sillery (red 
argillaceous). 

2*784 , 

396 

16. Do. Hudson's 
River (black ar- 
gillaceous). 

2*747 

030 

37. Caen limestone 

38. Do. do 

39. Do. do...., 

2-637 

2*644 

2*611 

29*40 1 

26*93 

29*54, 

2865 

17. Do. TJtica (Py- 

roschist) 

18. Do. do 

19. Do. do 

2*334 

2*396 

2*421 

075 

0*93 

2*10 

1'2C 


* Philosophical Transactions of the Royal Society, 1869, part 1, p. 659 (Table) 
t Chemical and Geological Essays, by Prof. T. Sterry Hunt, p. 166 (1875) This is 
reprinted from the Report of the Geological Survey of Canada for 1863-66 pp 281-‘’83 
By an oversight in this Table the Caen limestone is described as Tertiary hy hr Sterry 
Hunt instead of Secondary. ^ ^ 
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Anofclier subject of important applications in questions relating to under- 
ground temperature which has engaged the attention of the Committee, 
is the different degrees of facility with which some rocks conduct heat iu 
different directions, recent researches by M. E. Jannettaz having shown 
that this property is possessed not only (as was long since shown by De 
Senarmont) by certain crystals, but also by other mineral substances, and in a 
very high degree by rocks having schistose and laminated structures. To verify 
this important fact, specimens of Welsh slate were prepared by cutting 
plates from the same piece across and parallel to the plane of cleavage ; and 
the rate of conduction of heat through the plates cut in the former manner 
was found to be nearly twice as rapid as that through plates cut parallel to 
the cleavage-plane. Thus the resistance of slate (shown in the Table) to 
transmission of heat along the cleavage-planes is only half as great as that 
offered to its passage across them. The example of this slate is not an 
exceptional one among laminated or schistose rocks ; and the extreme ratios 
of the resistances in the parallel and transverse directions to the planes of 
cleavage or foliation, which have been studied and measured by M. Jan- 
nettaz * in a variety of cases, exhibit some much more remarkable pro- 
portions. 


Description of rock. 

Ratio of axes of the 
observed ellipses. 
Paral. diam, : transv. do. 

Extreme ratio of tho 
conductivities. 
Parallel : transverse. 

1. Steaschist. U. S. A (light green, in 
powder very unctuous to the touch) . 



2-007 : 1 

^ 028 : 1 

2. Phyllade (slate), Dovillo, Ardennes, 



France 

GO 

0 052 ; 1 

3. Fine-grained mica-schist, Aurillac, 



Cantal, France 

1*82 : 1 

3 312: 1 

4. Taloose schist, French Guyana 

1*78 : 1 

1 3 168 : 1 

5, Vliyllade (slatol, Angers, Franco 

16 : 1 

2*56 *. 1 

6. Gneiss, with fine crystals irregularly 



placed 

12 : 1 

i 1*44 : 1 

7. Gneiss, the crystals giving a veined 



appearance, Lyons, France 

1*00 : 1 (circular). 

, 1*00 : 1 

8. Serpentine, with curved veins 

1*15 : 1 (the longer 
diameter always in the 
direction of the veins). 

1*323 : 1 


The method of experiment adopted by M. Jannettaz is that originally 
employed by De Senarmont, of coating thin sections of crystals with grease or 
wax, and observing the ratio of the diameters of the oval figures formed on 
their surfaces by the melted grease round a point which is heated at the 
centre of the plate. In a series of earlier experiments f on thin plates of 
crystals, M. Jannettaz had determined the ratios of the diameters for forty 
or fifty mineralogical species ; and the values of these ratios are included 

♦ Bulletin de laSoci6t6 G^ologique de France, tome ii. p. 2G4 (April-Juno 1874). 
t Annales do Chimie et de Physique, s^rie 4, tome xxix. (1873). 
i The cases of ratios excepted from the above limitation are those of the following 
metals or minerals having either two or three ‘principal axes of conduction: — Quartz, 
1*31 2:1; amphibole hornblende and tremolite, 142 and 1-67:1; selenite, 1*54:1; 
metallic antimony (rhombohedral), 1*59 : 1 ; antimonito, 1 836 : 1*4.51 : 1 ; mica, 2*5 or 
24. 2*4 or 2*3:1. The extreme ratio of good to bad conductivity in mica is 5*76 or 
6*25 : 1 ; and, as in selenite and in some other crystals possessing very distinct cleavages, 
the direction of good conduction ia along and that of bad conduction is across the cleavage- 
planes. 
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with only rare exceptions, between 1 and 1*8 ; 1. The ratios of the con- 
ductivities in the directions of those diameters, being the squares of the ratios 
of the measured axes, range in value, for the majority of crystals, between 
1 and 1*7 : 1, and rarely approach the values above given for some of the 
talcose and schistose rocks. It is shown in his researches that the principal 
axes of conductivity in crystals are more closely related to the planes of 
cleavage than to either the optic or the crystallographic axes, and that in 
rocks of schistose structure it is to the internal texture arising from pressure 
in metamorphic actions rather than to crystalline admixtures, giving to some 
rocks a reg^arly streaked or veined appearance, that the principal develop- 
ment of the property of unequal thermal conductivity in different directions 
presented by this numerous class of rocks should bo ascribed. These new 
considerations, and the further recognition of the important part which the 
saturation of certain rocks with water must exercise in determining the 
distribution of underground temperature in certain cases, together with the 
observation, recorded in the Table of this Eeport, of the extremely high con- 
ductivity of quartz forming compact masses in the neighbourhood of under- 
ground workings, in some situations of considerable extent, are points of 
special interest connected with the progress of this inquiry, the applications 
and extensions of which, should the Committee pursue this inquiry further, 
will form the chief object of their immediate investigations. 


Preliminary Report of the Committee, consistiny o/ Professors Koscoe, 
Balfour Stewart, and Thorpe, appointed for the purpose of ex- 
tending the observations on the Specific Volumes of Liquids. Brawn 
up by 1^, Vi, Thorpe. 

We are indebted to the experimental and critical labours of Hermann Xopp 
for the greater part of what we know concerning the relations between the 
specific gravities of liquids and their chemical composition. Kopp has pointed 
out that when the specific volumes of liquids are compared at temperatures 
at which their vapour-tensions are equal, as at their boiliug-points, several 
remarkable relations manifest themselves. In the first place, it is found that 
the specific volume of a liquid formed by the union of two other liquids is 
equal to the sum of the specific volumes of its components. Secondly, Kopp 
finds that isomeric liquids of the same chemical type have identical specific 
volumes. Thirdly, that in a series of homologues each increment of CH.^ is 
attended with a constant increment in specific volume. Hence Kopp was 
able to assign certain fundamental values to a number of elementary bodies, 
and thus to calculate with a considerable degree of accuracy the specific 
volume, and hence the specific gravity, of many liquid substances. It also 
appeared probable that memhers of the same family of elements have identi- 
ael specific volumes, or, to use Schroder’s expression, are isosterous.” Thus 
the analogously constituted terchlorides of arsenic and phosphorus appear to 
possess the same specific volume ; whence it follows, since no change is ob- 
servable in the volume occupied by chlorine in different compounds, that the 
specific volumes of arsenic and phosphorus are equal. A similar conclusion 
was drawn with respect to tin and titanium, members of the tetratomic group, 
from au examination of their tetrachlorides. 



ON THE SPECIFIC VOLUMES OF LIQUIDS. 


63 


It must bo admitted, however, that certain of these deductions are drawn 
from experimental evidence, which, in the light of our present knowledge, can 
hardly be deemed sufficiently comprehensive to permit of such broad genera- 
lizations. For example, the examination of only four liquids can scarcely 
afford adequate proof of the universality of the statement that members of 
the same chemical family have identical specific volumes. The conclusion 
with regard to isomeridcs was necessarily based on limited proof, for the 
reason that the number of cases admitting of examination was limited. The 
number of isomeridcs has now increased a hundredfold, and we have become 
more precise in defining their character. The validity of the law should be 
tested by an examination of well-chosen and typical isomeridcs, especially 
among the hydrocarbons. Such an examination would not only afford mate- 
rial for solving the primary question, but would incidentally serve to show 
whoth(3r tlK‘ specific volumes of the component elements, carbon and hydrogen, 
arc respectively invariable, as stated by Kopp, no matter how these elements 
may be arranged in a com])ouTid with respect to each other. 

It has been shown by Professor Itoscoo that vanadium is a member of the 
phosphorus group of elements, and that the* vanadium trichloride of Berzelius 
is in reality an oxychloride of the composition VOCI 3 , corresponding to the 
phosphoryl trichloride (POClj). As both these analogously constituted liquids 
are readily obtained in a state of puritj^ and boil at moderately high tempe- 
ratures, it seemed desirable to determine their specific volumes with a view 
of obtaining further evidence on the isosterism of members of the same che- 
mical family. As the result of a scries of carefully conducted observations 
made on ])rcparations of a high degree of purity, wo find that tho specific 
volumes of phosphoryl trichloride and vanadyl trichloride are distinctly 
different, tho chloride with tho higher molecular weight having the greater 
specific volume. Wc have thus been led to reopen the whole subject. Start- 
ing with the observations on the question of the specific volumes of members 
of the same chemical family, we find that tho result foreshadowed in the case 
of phosphorus and vanadium is a general one, viz. that in a series of analo- 
gously constituted compounds belonging to the same chemical family, as, for 
example, the trichlorides of phosphorus, arsenic, and antimony, and the tetra- 
chloride of silicon, titanium, and tin, the specific volume increases with the 
molecular weight. 

We have completed the experimental work connected with the determina- 
tion of file rates of expansion, boiling-points, and specific gravities, which 
data (together witli the molecular weights) are required to fix the specific 
volume, of the following liquids : — 


Br 

OCl, 

PCI3 

ICl 

CBrCl^ 

rci^c^H^o 



PBr, 


SiCl, 

POCI3 

Cjl.Cl, 

TiCl\ 

POBrCl^ 

C 1 I,CI 1 C 1 . 

SnCl, 

PSCl, 

cn'ci 


VOCI3 

CH^Brl 

CHCl “ 

Ethyl Amyl 1 tt 

AsF, 

AsClj 

CIIBr3 

and Heptane J ^ 

SbCl, 


The labour of reducing tho observations, and more particularly of calcu- 
lating the empirical formula} for so large a number of liquids, is necessarily 
somewhat heavy and tedious ; its completion has been unavoidably delayed 
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by the pressure of other duties. The Committee, if reappointed, propose not 
only to complete the reduction of the present observations (which work is 
already in progress), but to extend the investigation so as to include a well- 
defined series of sulphur compounds (a number of which have been already 
prepared and some partially investigated), with the view of repeating the 
observations on the relation of the specific volume of sulphur to the manner 
in which it is held in union. These results will also afford material for 
discussing Buff’s hypothesis, that the specific volume of an element varies 
with its atom-fixing power. The only hydrocarbons we have hitherto in- 
vestigated are ethyl amyl and heptane, both concerning which there 

is proof that, contrary to Kopp’s law, their specific volumes are not iden- 
tical. Should this result be confirmed by the examination of similarly 
related hydrocarbons, the statement concerning the invariability of the 
specific volumes of carbon and hydrogen will need modification. 


BMh Report on Earthquakes in Scotland j drawn up by Dr. Bryce, 
F.G.S. The Committee consists of Dr. Bryce, F.R,S,E.y Sir W. 
Thomson, F.R.S., J. Brough, G. Forbes, F.R,S,E., D. Milne- 
Holme, F.jR./S.E., and J. Thomson. 

During the year that has elapsed since the last Meeting of the Association 
the Comrie district has boon in a state of entire quiescence, and no earth- 
quake has been reported from any other part of Scotland. Your Committee 
has thus nothing of general interest to lay before the Meeting this year. 

The plea put forward at the last Meeting for an increase of the grant was 
founded on the necessity felt by the Committee of having additional appa- 
ratus set up at Comrie. They desired to have a check of some kind on the 
indications of the seismometer belonging to the Association, which is placed 
in the tower of the parish church, as well as additional means of testing both 
the direction and intensity of the shocks. For this purpose it seemed neces- 
sary to have apparatus of a different kind, and to find a locality somewhat 
distant from the spot where the seismometer now stands. After experimental 
trial had been made of contrivances of various kinds, the method of upright 
cylinders (one of those recommended by Mr. Mallet in his paper in the 
‘ Admiralty Manual ’) was adopted. The difiiculty of finding a suitable site 
and a competent observer, to whom it should bo a matter of perfect conveni- 
ence to visit that site, next presented itself. 'No suitable apartment in which 
to set up the cylinders could bo found in the village ; and the Committee 
therefore resolved to erect a small building for the special purpose. Their 
wish being made known to Peter Drummond, Esq., who resides on his own 
property of Dunearn, about half a mile direct distance from the parish church, 
and nearer to the supposed earthquake-focus, he most kindly offered a site 
on the grounds surrounding his house. Here, accordingly, on a spot care- 
fully selected, the building has been erected. It is founded upon a rock, 
the same slate-rock of which the valley westwards to Loch Earn and the 
enclosing hills are composed, and in continuity with it ; while it is completely 
sheltered from the agitating influences of all winds ; so strongly built, indeed, 
is it, that, even if the situation were exposed, only a storm of extreme violence 
could produce any disturbing effect. No one can have access to the building 
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but by Mr. Drummond’s permission ; and he has most kindly promised that 
the cylinders shall be his constant care. Your Committee is greatly indebted 
to Mr. Drummond, not only for this promise (which is all-important for their 
purpose) and for his so readily offering a site, but also for his liberality in 
making all the necessary preparations for erecting the building, so that the 
cost to the Committee has been considerably diminished. 

The building is of stone and lime, very substantial, about 10 feet square, 
and 1 1 feet high to the lop of the roof, ceiled and floored. On the perfectly 
level floor two narrow smooth planks are placed, one directed N. & S. and 
the other E. & W. On each of these are placed six cylinders of boxwood, 
carefully turned on the lathe, at such distances apart on the planks that one 
cannot strike against another in falling. The floor is levelled up to the 
planks with dry fine sand, on which the cylinders must rest, without rolling, 
if they fall. The cylinders are all of the same height, but of dififerent dia- 
meters, so that they are of very various degrees of stability. In this way 
the exact direction of a shock is indicated, and a rough scale of intensity is 
had. The narrowest cylinder is of so small diameter that it is hoped a very 
feeble shock will be marked by its fall. 

The perfect accessibility of the building for frequent and regular observa- 
tion, the certain and ready response of the cylinders to any movement of the 
ground, and the impossibility of the existence of any disturbing cause, 
will, it is the hope of the Committee, render the results highly satisfactory as 
regards the intensity and hori/.oiital direction of any earthquake-shocks which 
may occur in future years. The comparison of these witli the indications of 
the seismometer may lead to more important conclusions than have as yet 
been obtained from this inquiry. 


Seventh Report of the Committee on the Treatment and Utilization of 
Sewage, reappointed at Belfast, 1874, and consisting of Richard 
E. Grantham (Chairman), C.E., F.G.S., Professor A. W. Wil- 
liamson, F.R.S,, Dr. Gilbert, F.R.S.^ Professor Corfield, M.A., 
M,D,, William Hope, V,C., P. J. Bramwell, C,E., F.R.S, 

During the past year, from March 25th, 1874 to March 24th, 1875, the ob- 
servations at Breton’s Earm, near Romford, were carried on by the Com- 
mittee, though, owing partly to the want of funds at the beginning of the 
year, and partly to the fact that the notched board by means of which the 
flow of sewage was gauged had been removed from the trough by order of 
the Surveyor to the Local Board, the experiments could not be made as com- 
plete as they would otherwise have been. 

Instead of gauging the sewage applied to the land, as heretofore, by direct 
observations in the distributing-trough, the quantities used on the farm have 
been estimated solely by the method hitherto employed to verify the trough 
gaugings — i. e., the sewage entering the farm during the working hours of the 
engine is calculated by ordinary gaugings in the main sewer, and may be 
considered as the “ day ” sewage ; the remainder, or the “ night ” sewage, is 
ascertained by the different heights of liquid in the tanks at the time when 
the engine stops at night and starts next, morning. The quantities thus cal- 
culated are given in Table I., from which we sec that the amount of sewage 
1875. F 
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received on the farm from the town dnrinpj the year was 482,335 tons, a con- 
siderably larger amount than in previous years ; this is partly owing to the 
fact that more houses have been connected with the sewers. 

The amount of effluent water added to the sewage and repumped on to the 
land was 27,295 tons, making 509,030 tons as tho amount of diluted sewage 
received into the tanks; 491 ions of this were run into tho river during ex- 
cessive flows, &c., and thus the total amount^ applied to tho land was 509,139 
tons. 

Tables lY., V., YI. and YII. correspond wdth similar taldcs in previous 
E-eports ; but especial attention is directed to tlio note at the foot of Table YI., 
or a wrong idea may bo given of the amount of crop produced per acre, espe- 
cially in the case of Ihe Italian rye-grass. 

The total produce of the farm for the year was less (hy about 200 ions) 
than that of the previous one, and less also than the average of tho three 
preceding years, ajid this notwilhsi aiiding that the crops of Italian rye-grass 
were really better and those of klangold much hotter than those of tho pre- 
vious year: thus in 1873-74, ly'OO acres produced 1084*94 tons of Italian 
rye-grass, or 58 toiiH per acre : Avhile in 187 1-75, 13*95 acres produced 809 
tons, or (>2'3 tons jxt acre ; while as to Mangold, the crops in 1873-74 were 
18*3 tons per acre, while in 1874-75 they were no less than 42-8 tons per 
acre. 

Tho principal reasons for the doorcase in the total weight of ihe crops 
are : — 

I. Tho increase in the acreage of the cereal cro])S. 

II. Tho large quantity of land allowed to lie fallow during the winter, and 
consequently the small (piantity of winter greens grown as compared mth 
previous years. 

III. The fact that five crops (four of Eape and one of Turnips) were not 
carried off the land but ploughed in, and that two others (of wheat) partially 
failed. 

Prom the autumn of 1874 to the end of the cropping year (March 1875), 
there were 38^ acres of land entirely fallow. In addition, four crops (=10| 
acres) of llape and one crop ( = 0| acres) of Turnips were ploughed in, and 
the land, 17^ acres in all, treated as fallow. Finally, 14 acres of grass were 
ploughed in during March and April, having thus, so far as produce was 
concerned, been practically fallow land ; making a total of 70 rtc/w, ornearJy 
two tlurds of the cultivated area of the farm ^ unproductive during the winter 
months. 

On reference to Table YI. it will be seen that the aggregate acreage of all 
the crops was 130*42 as against 170*00 of the previous year, which further 
illustrates the above statement ; and thi.s quantity is also less than that of 
the two other years recorded by the Committee. This is 6wing to the fact 
that the system of cropping has been changed, since the census of the town 
given in tho Committee’s Itcport for 1872-73 (Fifth Report) showed that 
many of tho houses in the town were not connected and many only partially 
connected with the town sewer, so that it became necessary to manure a 
much smaller area with tho sewage. 

But an examination of the Tables given in the present and two previous 
Reports, whilst establishing the above facts, also shows that the weight per 
acre of crops produced, and the amount of nitrogen estimated to be recovered 
in them, was more in tho year under review than in either of the two pre- 
ceding years ; and the improvement in these respects has been progressive 
during the three years, thus : — 
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Year. 

Aggregate 

area. 

Total 

produce. 

Produce 
per acre. 

Total 
Nitrogen 
estimated to 
be recovered. 

Nitrogen 
recovered 
per acre. 

1872-73. 

acres. 

156 

ions. 

1704 

tons. 

10-9 

lbs. 

15,704 

lbs. 

101 

1873-74. 

171 

2353 

13-8 

22,706 

133 

1874-75. 

130 

2157 

16-5 

20,166 

153 


This result is no doubt partly due to the concentration of the sewage on. a 
smaller area, and partly to the increased richness of the soil, which was de- 
monstrated by the analytical results given in the Committee’s Pifth Eeport. 

It is necessar}^ to state that the year 1871-7^ would, if added, show 
an apparent exception to this progress, inasmuch as the total amount of pro- 
duce that year was 2714 tons, an amount that has not been equalled since ; 
but this exception is only an apparent one, and is caused by the fact that 
there were then no cereals grown -on the farm (whereas in the following 
years they have formed an important part of the produce), and that a much 
larger area was under cabbages. 

And notwithstanding the large total weight of crops that year, the rate per 
acre of produce was less than in 1874-75; whilst the amount of nitrogen 
reckoned as recovered in the crops was less than in either 1873-74 or 
1874-75, as appears from the figures: — 


Aggregate Total 

area. produce, 

acres. tons. 

1871-72.... 168 2714 


Produce 
per acre, 
tons. 
16-2 


Nitrogen 

estimated to Nitrogen 
be recovered recovered 
in crops. per acre, 
lbs. lbs. 

19,667 117 


The areas given in each case are the total areas of all the cropSj of course 
including sometimes the same land twice. 

The Committee were unable to have samples of sewage and effluent water 
analyzed regularly every month ; but samples were taken three times a week 
(equal quantities in the case of the sewage, quantities in proportion to the 
flow in that of the effluent water) and mixed, and a sample of each mixture 
taken at the end of the month ; thus twelve samples of sewage and twelve 
of effluent water were obtained. 

As the samples had been kept so long and had not (in the case of the 
sewage) been taken in proportion to the flow, it was thought sufficient to mix 
quantities of the samples of sewage proportionate to the monthly (piantities 
of sewage pumped, and to have a sample of this mixture (for the whole 
period) analyzed : in the case of the effluent waters it was thought better to 
mix equal quantities (as the monthly total quantities could not be ascer- 
tained), so as to make four samples, one for each three months, and to have 
thorn analyzed. 

The results of these analyses are given in the following Tables ; — 
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Breton^s Farm, 

Sewi^e. — F rom April 1874 to March 1875 (both inclusive). 

In 100,000 parts. 


Ammonia 3*32 

Total Nitrogen (in solution and suspension) . . 5*56 

Chlorine 13*00 

Nitrogen as Nitrates none. 


Efflueni water. — In 100,000 parts, 


April, 

May, 

Juno. 

Ammonia 0*00(> 

Nitrogen as Nitrates .... 0*78 

Nitrogen not as Nitrates . . 0-13 

Chlorine 10*35 

Total Nitrogen 0*91 


July, 

October, 

January, 

August, 

November, 

February, 

September. 

December. 

March. 

0*112 

0*004 

0*004 

0*27 

0-2G 

0*5G 

0*15 

0*04 

0*06 

11*45 

11*00 

9*80 

0*42 

0*30 

0*G2 


It is to be remarked, in the first place, that the result thus obtained for the 
total nitrogen of the sewage is very near to the average results already ob- 
tained ; thus in the 5 "ear 1871-72 the average was 5*529, and in 1872-73 it 
was 5*151 per 100,000. And as regards the effluent waters, the total nitro- 
gen is below the average in all cases, and the purification, as shown by the 
smaller amount of nitrogen not as nitrates, is more perfect during the last two 
quarters ; this may be due to the consolidation of the earth around the drain- 
age pii>es ; but the Committee would not now express a decided opinion on 
this point, as they intend to institute a series of experiments to investigate 
the changes which go on in sewage and effluent water when kept for some 
time. 

As 509,139 tons of sewage were utilized on the farm, the total amount 
of nitrogen supplied was (according to the analysis of the mixed sample) 
28*38 tons. Last year, from the data obtained from the two previous years, 
the total amount was taken at 27 tons ; but this year an increase was ex- 
pected from the fact that more houses have been connected with the sewers. 

The total amount of nitrogen recovered in the crops is estimated at 20,1G6 
pounds, or 31*8 per cent, of the nitrogen supplied; in former years the per- 
centages estimated were as follows : — 


1871- 72 41*7G per cent. 

1872- 73 26*00 „ 

1873- 74 37-GO „ 


The amount this year is exactly the mean of the amounts for the last two 
years. 

It should be understood that in these calculations no deduction is made 
for the amount of nitrogen that there would be in the normal unsewaged 
produce ; in other words, the figures show the relation of the nitrogen in 
the total produce (not in the increase only) to that estimated to be supplied 
in the sewage. 

The Committee will he able to continue their investigations, owing to the 
generous liberality of a Member of the Association, and more complete 
observations are now going on again systematically at Breton’s Farm. 



Table I. — Breton^ s Seivage Farm, 


Statement of Weekly quantities of Sewago received on the Farm from the 
Town of Komford, from March 25, 1874, to March 24, 1875. 


No. of 
weekly 
return. 

Dates (inclusiye). 

Average 

noonday 

tempe- 

rature. 

Bainfall 

during 

week. 

Sewage 
delivered 
on farm. 

Average 

tempe- 

rature 

thereof. 








°F. 

in. 

gallons. 

° F. 

198. 

1874- 

March 

25 

to 

March 

29 

56 


1,321,000 

54 

199. 

J) 

April 

30 


April 

5 

51 

0-51 

2,045,000 

53 

200. 

97 

6 



12 


o’63 

2,129,000 


201. 

ij 

„ 

13 


,, 

19 


0-15 

1,780,000 


202. 

19 

„ 

20 


„ 

26.. .. 



1,934,000 


203. 

99 

,, 

27 


May 

3 


0 02 

1,901,000 


204. 

99 

May 

4 



10 


0 07 

1 ,691,000 


205. 

99 

„ 

11 


„ 

17 


0'12 

1,927,000 


206. 

99 


18 


,, 

24 


0-38 

1,847,000 


207. 


,, 

25 


„ 

31 


0 09 

1 , 799,000 


208. 

19 

June 

I 


June 

7 


o'64 

1,986,000 


209. 

91 

,, 

8 



14. .. 



1,699,000 


210. 



15 


,, 

21 . 


0-43 

2,085,000 


21 1. 



22 


,, 

28 ... 


0 78 

1,882,000 


212. 

99 

99 

29 


July 

5 •• •• 


0 07 

1,794,000 


213. 

99 

July 

6 


12 .. .. 


1 84 

2,1 30,000 


214. 


>> 

J 3 


,, 

19 ... 



2,066,000 


215. 



20 



26 


o-i8 

2,437,000 


216, 

99 

99 

27 


Aug. 

2 .. .. 


0'42 

2,148,000 


217. 

99 

Aug. 

3 


,, 

9 


0 08 

2,109,000 


218. 

j» 

,, 

10 


,, 

16 


0-67 

2,094,000 


219. 

>> 

„ 

17 


„ 

23 


0 01 

1,992,000 


220. 

99 

99 

24 


„ 

30 


0 13 

2,01 3,000 


221. 

99 

,, 

31 


Sept. 

6 . . 


0*37 

2,066,000 


222. 


Sept. 

7 


13 .... 


0*31 

2,088,000 


223. 

99 

14 


„ 

20 



2^063,000 


224. 


j, 

21 


,, 

27 .. . 


0 27 

2,232,000 


225. 



28 


Oct. 

4.. .. 


I 65 

2,136,000 


226. 


Oct. 

5 



1 1 


0 61 

1,977,000 


227. 



12 



38 


i-o6 

2,034,000 


228. 

99 


19 



.5.... 


0*04 

1,767,000 


229. 

99 

,, 

26 


Nov. 

1 


1*09 

1,991,000 


230. 


Nov. 

2 



8 



1,740,000 


231. 

99 


9 


„ 

15 .. .. 


o’i6 

1,860,000 


232. 

99 

99 

16 



22 


0*35 

2,022,000 


2 ^ 33 - 

99 

99 

23 


,, 

29 .. .. 


1 48 

2,232,000 


234. 

99 

99 

3 <^ 


Dec. 

6 


2,466,000 


^ 35 * 

99 

Dec. 

7 



13 


0 87 

2,328,000 


236. 

99 


14 



20 


0-19 

2,198,000 


^ 37 - 

99 


21 



27 


0 82 

1,826,000 


238. 

99 


28 


Jan. 

3 1*75 


1,598,000 


239 - 

1875. 

99 

Jan. 

4 


it 

10 



2,040,000 


240. 


1 1 



17 


0-32 

2,213,000 


241. 

99 


18 



24 


075 

2,522,000 


242. 

! 


25 


>» 

31 


0 96 

2,752,000 


243- 

99 

Feb. 

I 


Feb. 

7 •• • 


0-12 

2,512,000 


244. 

99 


8 



H 


0*27 

2 , 494,000 


245 - 



15 



21 


0 21 

2,255,000 


246. 

19 


22 



28 


o‘i6 

2,323,000 


247. 

99 

March 

I 


March 

7 


0*38 

2,243,000 


248. 

99 

99 

8 


}» 

14 


0*04 

3 ^A 53 .coo 


249. 

99 

99 

15 



21 


0-09 

2,1 32,000 


250. 

99 

99 

22 


>» 

24 



971,000 





19*79 

Total .. 

m _ 1 

108,043,000 
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Table IY. — Breton's Sewage-Farm. 

Statement showing Crops grown from March 25, 1874, to March 24, 1875. 


Plot. 

No. of beds 
(inclusive). 

Acreage. 

Crop. 

Bate when sown or 
planted. 

A 

I to 29 

9-8 

Italian rye-grass 

June 1873 

B 

>> 

>> 

>> 

>> 

») 

)> 

>> 

)) 

>) 

I to 6 & 9 & 10 

385 

Carrots 

Broccoli 

April 1874 



Cabbage 




Kohl rabi , 


7, 8 

II to 16 

17 » 26 
7&‘8 & II to 16 

’17, 18 

19 to 26 

I „ 26 

•95 

278 

4*54 

3*73 

■93 

3‘6i 

12*12 

Hardy green plants 

Peas 

Cabbage 

Hardy greens 

Brus.sels sprouts 

Cabbage-plants 

Fallow. 

April 1874 

March 1874 

Oct. 1873 

Aug. and Sept. 1874... 

July 1874 

July and Aug. 1874 ... 

Total B 


12*12 



0 

»> 

}> 

All. 

M 

1*97 

1*97 

1*97 

Cabbage 

Rape 

Oats 

Oct. 1873 

Sept. 1874 

March 1875 

Total C 


1*97 



B 

>> 

All. 

6-93 

693 

Mangold 

Cabbage 1 

April 1874 

Oct. and Nov. 1874 ... 

Total B 


693 



E 

)> 

1 to 22 

»» 

1 

5*76 

5*76 

Wheat 

Italian rye-grass 

March 1874 

Sept. 1874 

Total E 


5*76 



F 

>> 

I to 14 

15, 16 

17, 18 
^S» 

itoi4&i7&i8 
15, 16 

2*97 

*42 

*42 

•42 

3*39 

*43 

Wheat 

' Hardy green plants 

Savoy plants 

Savoys 

Cabbage 

Fallow. 

Feb. 1874 

May 1874 

July ,, 

Oct. „ 

Total F 


3*82 





Bate when cut or 
gathered. 

Pro 

Total. 

duco. 

Per acre. 

Remarks. 

May to Nov. 1874 

tons. 

640*24 

tons. 

65’3 

Eight cuttings. Grass ploughed in 
April 4, 1875. 

Nov. 1874 

> Sept, to Bee. 1874 ... 

Aug. 1874 

July 1874 

June and July 1874 
Bee. 1874 to Feb. 1875 
Nov. 1874 to Feb. 1^75 
Oct. and Nov. 1874 ••• 

66*61 

3*30 

12*12 

0*75 

5*93 

8*45 

82*90 

20*81 

5*10 

24*60 

1 

6*2 

3-0 

18*2 

5*6 

5*5 

6-8 

Planted where the Carrots were scarce. 

Straw 6*33 tons. 

One fourtli of crop ploughed in. 


230’57 

19*0 

Plot fallow at end of year. Sown 
witli Barley and Italian rye-grass, 
March 27, 1875. 

Juno to Aug. 1874 ... 

3^'97 

i6*7 

The Rape-seed failed. 


''3i’97 

16*7 

Plot in seed (Oats) at end of 
year. 

Oct. 1874 

341*0 

49-2 

Crop remains March 25, 1875. 


341*0 

49*2 

Plot under crop (Cabbage) at end of 
year. 

Aug. 1874 

Nov. „ 

H'39 

11*52 

2*5 

2*0 

Including 8*53 tons straw. 

One cutting ; grass remains. 


25*91 

4*5 

Plot imder crop (Grass) at end of 
year. 

Aug. 1874 

July „ 

Nov. and Bee. 1874 ... 

6*59 

2*42 

3*03 

5*46 

2*2 

5*7 

7-2 

13*0 

Indi ng 4*34 tons straw. 

Crop remains. 


17*50 

4-6 

Part of plot in crop at end of year 
(Cabbage). 
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Table IV. 


Plot. 

No. of beds 
(inclusive). 

Acreage. 

Crop. 

Date when sown or 
planted. 


a 

I to 8& 1 1 to 12 

2’35 

Cabbage 

Nov. 1873 



13 to 16 

•94 

Carrots 

April 1874.... 


>> 

9 

•23 

Savoy-plants 




10 & 17 

‘47 

Broccoli -plants 




18 „ 19 

•47 

Cabbage-plants 

,, ,, 



21 ,, 22 

‘47 

Brussels sprouts 




20 

•23 


)) j> 



I to 22 

5-7 

Italian rye-grass 

Sept. „ 


Total a 


5-17 









H 

3 lo 5 

•66 

Spinach 

April 1874 



8 „ 24 

4-86 

Cabbage 

Oct. and Nov. 1873 ... 


j> 

I „ 24 

6*40 

Italian rye-grass 

Juno 1874 


Total H 


6*40 









I 

I to 16 

6'09 

Wheat 

Feb. 1874 



17 & 18 

‘58 

Cabbage 

Nov. 1873 



I to 18 

667 

Turnips 

Sept. 1874 


Total I 


6-67 









K 

All. 

4‘44 

Mangold 

April 1874 




•82 

Spinach 

March 1875. 


Total K 


4‘44 









L 

I 

•15 

Cabbage 

.Time 1^574 



2, 3 

‘29 

Savoys 




4 to 20 

2*43 

Cabbage 

>> >> 


J> 

All. 

2*87 

Beans 

March 1875. 


Total L 


2'87 





i 




M 

All. 

3-17 

Mangold 

April 1874 - .rt 



I to 12 

2"89 

Peas 

March 1873 , 



13 

•28 

Fallow. 



Total M 


3 ’i 7 









N 

All. 

4 ‘i 5 

i 

Italian rye-grass 

Juno 1873 



(continued). 


Date when cut or 
gathered. 

Prod 

Total. 

uce. 

Per acre. 

Bemarks. 

June to Aug. 1874 ... 
Aug. and Sept. ,, 

July 1874 

Aug. „ 

July „ 

Aug. „ 

tons. 

39'33 

996 

1-65 

3-96 

330 

3 ‘ 3 o 

330 

tons. 

16-7 

10*6 

7*2 

8*4 

7*0 

7*0 

143 

Grass remains. 


64*80 

12*5 

Plot all in grass at end of year. 

June 1874 

May and Juno 1 874 . , . 
Sept, to Nov. ,, ... 

1-50 

77-04 

35*20 

2*3 

159 

5‘5 

One cutting; grass remains. 


” 3‘74 

17*8 

Plot all in grass at end of year. 

Aug. 1874 

June & July 1874 ... 

18*50 

1 1*18 

3*0 

19*3 

Straw 11*28 tons. 

This crop failed. 


29*68 

4‘5 

Plot fallow at end of year. 

Nov. 1874 

16100 

363 

Part of plot fallow at end of year, re- 
mainder sown with Spinach. 





Nov. 1874 

>» >» 

Sept, to Nov. 1874 ••• 

0*75 

428 

16*92 

5 ‘o 

14*8 

7*0 



21*95 

7‘7 

Plot all sown with Beans at end of 
year. 

Nov. 1874 

121*00 

38*2 

Crop remains. 


121*00 

38*2 

Part of plot sown with Peas at end 
of year. 

Apr. 1874 to Mar. 1875 

229*35 

55*3 

Grass ploughed in at end of year. 
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o 

>» 

Total O 


p 

)» 

Total P 


Q 

n 

Total Q 


R 

M 

>1 

Total R 


5*92 I Oni6ns March 1874 

„ ) Broccoli Jiiiio „ 


3*50 Wheat Feb. 1874 •• 

3*50 Rape Sept. 1874.., 

3*50 Oats March 1875. 


2*34 Wlicat Feb. 1874 ... 

2*34 I Beans March 1875. 


2-40 ; Wheat Fob. 1874 

'12 I O/.iers I Jan. 1873 

2*40 j Beans j I\larcli 1875. 



Total V 


5*93 j Wheat ^March 1874 

5'93 j 1875. 

5-93 i 


W All. 2*75 WJicat March 1874 

„ „ 2*75 Rape I Sept. „ 

„ „ 2-75 Peas ! March 1875. 


Total W 


2*75 
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(continued). 


Date when cut or 
gathered. 

Produce. 

Total. Per acre. 

Remarkfl. 

Aug. and Sept. 1874... 
») <» >» 

tons. 

55’63 

6-43 

tons. 

9*4 

i*i 

Planted where Onions were scarce. 


62*06 

10*5 

Plot fallow at end of year. 

Aiig. 1874 

5-57 

x'6 

3*47 tons straw. 

The Rape-seed failed. 


5*57 

1*6 

Plot in seed at end of year. 

Aug. 1874 

516 

2*2 

4-04 tons straw. 


5-i6 

22 

Plot sown with Beans at end of year. 

Aug. 1874 

Dec. „ 

5*56 

*71 

1 

2'3 

5*9 

1 

Straw 4*33 tons. 

One cutting; Oziers remain. 


6'27 

2*5 

Plot nearly all sown with Beaus at 
end of year. 


April 1874 j 

0*45 

2*0 

Rhubarb remains. 

i 

Aug. 1874 

j 

6*75 

1 i 

27 

i 4-05 tons .‘?traw, 

1 The Rape-seed failed. 

1 

1 

j 

675 

27 

Plot fallow till end of year, then sown 
with Oats. 

Oct. 1874 

1*79 

0*3 

1*15 ton st raw. Only one acre of crop 
ripened. 


1*79 

0*3 

Plot all sown with Beaus at end of 
year. 

- - 
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Table IV. 


Plot. 

No. of beds 
(inclusive). 

Acreage. 

Crop. 

Bate when sown or 
planted. 

X 

All. 

3-86 

Wheat 

March 1874 

it 


3*86 

Beans 

>. 1 * 75 - 

Total X 


3*86 




1 



Y 

All. 

5‘6o 

Hay 

Permanent grass 


Total Y 


5‘6o 

5*6o 


Grass-meadow 
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Table V . — BretorCs Sewage-Farm. 

Season 1874-75. — Summary of Cropping Beturn. 


Plot, 

Acreage. 

Crops. 

Produce. 


Total. 

Per acre. 

A 

* 9'8o 

Italian rye-grass 

tons. 

640*24 

tons. 

65-3 

B 

I2'12 

Carrots, broccoli, cabbage, kohl rabi, 

230*57 

19*0 

C 

1*97 

hardy greens, peas, and Brussels 
sprouts. 

Cabbage 

32*97 

16*7 

D 

6*93 

Mangold 

341 00 

49*2 

E 

S‘76 

Wlieat and Italian rye-grass 

25*91 

4*5 

F 

3*82 

Wheat, hardy greens, and savoys 

17*50 

4*6 

a 

5*17 

Cabbage, carrots, savoys, broccoli, Brus- 
sels sprouts, and konl rabi 

Spiuacli, cabbage, and Italian rye-grass 

64*80 

ia*5 

H 

6*40 

113*74 

17*8 

I 

6 ' 6 j 

Wheat and cabbage 

29*68 

4*5 

K 

4*44 

Mangold 

1 61 00 

36 3 

L 

2*87 

Cabbage and savoys 

^ 1*95 

7.7 

M 

3*17 

Mangold 

12 1 00 

38-2 

N 

^^ 4*15 

Italian rye-grass 

229*35 

55*3 

0 

5-92 

Onions and broccoli 

62*06 

10*5 

P 

3 * 5 ° 

Wheat 

5*57 

I 6 

Q 

2'34 

Wheat 


2*2 

B 

2’52 

Wheat and oziers 

6 27 

a *5 

S 

0*22 

Blnibarb 

0*45 

2*0 

u 

^•53 

Wheat 

6*75 

2*7 

y 

5'93 

Wheat 

1*79 

0*3 

w 

275 

Wlieat 

6*58 

2*4 

X 

3*86 

Wlieat 

1*79 

0*5 

Y 

5*60 

Ilay and meadow-grass 

31*00 

i 

5*5 


io8'44 

Total 

2157*13 

19*9 


* Sec Note at foot of Table VI. 
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Table VI. — Breton^ s Sewage-Farm, 

Summary of Crops gathered from March 25, 1874, to March 24, 1875, 
showing the quantity of each kind of Produce and Nitrogen contained therein. 


Crop. 

Total 
acreage 
of each 
descrip- 
tion of 
crop. 

Produce of each crop. 

Total Nitrogen estimated 
to be in crops. 

Total. 

Per acre 

Per cent 

1 Total. 

Per acre. 

Italian rye-grass 

Grass (meadow) 

Hay 

Oziors 

Cabbage 

Hardy greens 

Savoys 

' Brussels sprouts 

Broccoli 

Spinach 

Kohl Babi 

Peas 

Carrots 

Mangold 

Onions 

Wheat 

Rhubarb 

^26*11 

1 5 - 6 o 
0*12 

2r46 

5*10 

1*36 

I '40 

2*00 

0-66 

0-23 

278 

479 

14-54 

5*92 

38 ’I 3 

0-22 

tons. 

916-31 

j 14-00 

[ 17*00 

0*71 

301*11 

29*16 

14*42 

8*40 

13*69 

1*50 

4*05 

/peas 2*12 
[straw 6*33 

76-57 

623*00 

55-63 

r grain 26*01 
[straw 46*67 

0*45 

tons. 

35 ‘i 

2'S 

3*0 

59 

14*0 

5 - 8 

10*6 

6- 0 

6-8 

2*2 

17*6 

0-8 

2*3 

160 

42*8 

9'4 

07 

1*2 

2*0 

0*54 

o‘S 4 

2*00 

0*25 

0*25 

0*25 

0*25 

0*25 

0-25 

0*375 

3*40 

0*80 

0-20 

0*25 

0*22 

i*8o] 
o*6o J 

lbs. 

11,084 

169 

761 

1,686 

163 

81 

47 

77 

8 

34 

161 

113 

343 

3.489 

274 

1,676 

lbs. 

424 

30 1 

136 J 

78 

32 

60 

34 

38 

12 

148 

} 98 

72 

240 

46 

44 


130-42 I 

2157*13 

i 6 *s 


20,166 

155 


This acreage of Italian rje-grass includes not only tlio I3'95 acres of plots A and N 
(marked # in Table V.), on which the regular crops for the year’s use were grown, but also 
the i2-i 6 acres of plots E and 11 (sec Table V.), which were sown according to the usual 
practice for the following year’s use, and from which only a first light cutting was taken. 
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Table VII. — BretorCs Sewage-^Farm. 

Statement of Land in crop and Land lying fallow on March 24, 1875. 


Plot. 

Acreage. 

Area in 
crop. 

Area 

fallow. 

Comparison. 



acres. 

acres. 


A 

o 

oo 

9*8o 



B 

12*12 


12*12 

In crop. Fallow. Total. 





acres, acres, acres. 

c 

1-97 

I ’97 


March 24, 1872 ... 40 49 63*39 103*88 



„ „ 1873 ... Sj-ezn- 19*93 107 55 

D 

6*93 

6-93 


„ „ 1874... 89 09ie 19*35 108*44 

E 

F 

•43 

» « 1875 ... 79*4o«t 29*04 10844 

oo 

576 

3'39 


G 

5*17 

5*17 



H 

6*40 

6*40 


* As pointed out last year, the area de- 
scribed as “ in crop ” comprises most of the 

I 

6*67 


6*67 

spring sowings. 

K 


*82 

3*62 

On March 24th, 1873, about 22! acres. 

4*44 

„ „ „ 1874 „ 38 

L 

2-87 

2*87 


J» »> >> 1875 32 M 



Moreover, on the last date there were 

M 

3*17 

2*89 

•28 

14 acres of grass which was immediately 
after ploughed in. Practically, therefore, 

N 

4*15 

4**5 


in considering the above comparison, 46 
acres sliould be deducted from tiie area “ in 

0 

5 * 9 ^ 


5’92 

crop” March 24, 1875. 

P 

3*50 

3*50 



Q 

2*34 

2*34 



R 

2*52 

2*52 



s 

•22 

•22 



u 

2*53 

2*53 



V 

5*93 

5*93 



w 

2*75 

275 



X 

3‘86 

3*86 



Y 

5-60 

S*6o 




108*44 

79*40 

29*04 
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Fifth Note mi the Dry Earth System » 

Dr. Gilbert has, in continuation of the series of results recorded in former 
Beports, furnished the Committee with the determination of the nitrogen 
(by the soda-lime process) in soil which has now passed through a Moule’s 
earth-closet six times. The results of the series are as follows : — 



Before 

used. 

After 

using 

once. 

After 

using 

twice. 

After 

using 

three 

times. 

After 

using 

four 

times. 

After 

using 

five 

times. 

After 

using 

six 

time.s. 

Percentage of nitro- ] 
gen in soil dried 1 
at 100^ C j 

0*073 

0-240 

0-383 

0*446 

0*540 

0*614 

0*716 


Tile increase in the percentage of nitrogen (determinable by the soda-lime 
method) was therefore, by each use, as follows : — 



After 

using 

once. 

After 

using 

twice. 

After 

using 

three 

times. 

After 

using 

four 

times 

After 

using 

five 

times. 

Aft,er 

using 

six 

times. 

Increase in the percentage 1 
of nitrogen in soil dried 1 

at 100° C J 

0*167 

0*143 

0*063 

0*094 

0*074 

0*102 



The gain of nitrogen so indicated was therefore greater by the ixth than 
by any previous use of the soil since the first and second. The average gain 
was, liowcver, only OTl per cent, by each use. 

As last year, so again this. Dr. Ilusscll has determined the amount of 
nitrogen existing as nitrates in the soil. Last year, after the soil had been 
passed through the closet five times, the amount of nitrogen as nitrates was 
found to bo 0'20 per cent, on the soil calculated as fully dried ; and now, 
after passing through six times, it is found to be 0*254. 

The additional results now recorded do not in any way disturb the con- 
clusions previously arrived at by the Committee as to the value of the 
manure obtained from an cartli-closet. For this, and for their opinion of 
the system in its other aspects, they would refer to their former Beports 
(III. pp. 187 & 188, lY. p. 143, Y. pp. 413 & 439, YI. pp. 213 & 214). 


Report of the Committee, consisting of Major Wilson, R.E.,and Mr. 
Haven STEIN, appointed for the purpose of furthering the Palestine 
Eooplorations, 

The sum of .£100, granted at the last Meeting of the British Association for 
the purpose of furthering the Palestine Explorations, was paid over by Major 
Wilson to the Palestine Exploration Fund, with a request that the wishes of 
1875. o 
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the General Committee of the Association, as expressed in their Eesolution, 
might be carried out. 

No complete account of tho work of the last twelve months has yet been 
received from Lieut. Condor, E.E., the officer in charge of tho Survey ; but 
from his monthly reports to the Committee of the Fund, it would appear that, 
since tho grant of £100 was made, the triangulation of Palestine has been 
carried southwards as far as Beersheba, and that a large tract of interest- 
ing country, including the plain of Philistia and the southern slopes of the 
mountains of Judah, has been surveyed and plotted on a scale of one inch to 
a mile. 

Amongst other results have been the recovery of several ancient sites, and 
the corrections of many errors in the topography of Southern Palestine. 

Licuts. Conder and Kitchener, E.E., were recently engaged in running a 
lino of levels from the Mediterranean to the Sea of Galilee ; but this work 
was unfortunately stopped by the attack made upon Lieut. Condor and his 
party by the people of Safed. 

Lieut. Conder, who was badly wounded, has been unable to send a full 
report on the levelling ; but in a letter written shortly before the affray he 
mentioned that more than ten miles, or about one third of the levelling, had 
been completed, and gave some details of the manner in which the work was 
being carried out. Tho hue of levels was being run by two independent 
observers (non-commissioned officers from tho Ordnance Survey) ; bench- 
marks were being cut at frequent intervals, and their position fixed by a line 
of traverse survey from the Mediterranean to the Sea of Galilee, which will 
bo laid down on the one-inch survey. 

Lieut.-Gcn. Sir Henry James, the Director-General of the Ordnance Survey, 
was kind enough to lend instruments for tho work, and he has taken much 
interest in its progress. 

In consequence of the attack on tho Survey party and the spread of cholera, 
it has been decided to withdraw Lieut. Conder and his staff from Palestine for 
the present ; but as soon as tho Survey is recommenced the levelling will bo 
completed. 


Third Report of the Committee , consisting of Professor HaeRness, 
Prof. Prestwich, Prof. Hughes, Kev. H. W. Crosskey, Prof. W. 
Boyd Dawkins, Messrs. C. J. Woodward, George Maw, L. C. 
Miall, G. H. Morton, and J. E. Lee, appointed for the purpose of 
recording the position^ height above the sea, lithological characters, 
size, and origin of the more important of the Erratic Blocks of 
England and Wales, reporting other matters of interest connected 
with the same, and taking measures for their preservation. Drawn 
up by the Eev. H. W. Crosskey, Secretary, 

The Committee have received many valuable contributions regarding the 
occurrence and distribution of Erratic Boulders. The inquiry is not yet 
sufficiently exhaustive in its details to permit of any generalization ; and the 
Committee find it necessary to continue their record without attempting as 
yet to connect the facts they report with theories of tho history of the glacial 
epoch. 

It will be observed, however, (1) that our knowledge of tho extent of 
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country over which erratic blocks are distributed is considerably increased ; 
(2) that the erratic blocks are connected together more clearly in definite 
groups, distinctly pointing to special centres of distribution; (3) that the 
grouping and distribution of the blocks are throwing light upon the periods 
into which the glacial epoch must be divided. 

Devonshire. 

Mr. W. Pengelly, F.G.S., reports the following particulars regard- 

ing boulders and scratched stones in South Devonshire. 

1. The New Red Sandstone houlders of Waddeton. 

These occur on the left bank of the river Dart, from 3 to 4 miles north 
of Dartmouth, on the estate of Mr. Studdy. Between the Dart and Wad- 
deton Court, and within sight of the latter, three subangular masses are 
imbedded in the soil. So far as it is visible, the largest measures 6 feet 
by 3 feet, and the others are not much smaller. 

They occupy the angular points of an isosceles triangle, of which the base, 
having the direction N. 78° W. to S. 78° E. magnetic, is 30 paces long, 
whilst the sides are about 50 paces each. In an orchard arc numerous pits 
whence boulders have been dug up from time to time, and one specimen in 
situ measures 3 feet long and 2 broad. In the front garden of a neighbour- 
ing farmhouse is an undisturbed boulder. That portion of it which is visible 
is considerably rounded, and measures 9 feet in mean diameter ; its base is 
also well rounded, and it lodges on undisturbed Devonian slate. This spe- 
cimen has the appearance of a transported block. Adjacent to the same 
farmhouse is the site of a boulder which has been broken up and removed 
by Mr. Studdy, and, from his description, must have been fully 10 feet in 
mean diameter. On the surface of a boulder projecting from the base of a 
hedge there arc several parallel grooves, crossed by a second set also parallel 
to one another. This is the only fact suggestive of glacial scratches ; but it 
is not sufficiently pronounced to justify the opinion that the lines were due 
to such an agency. 

These boulders consist of very hard, more or less micaceous red sandstone. 
All that have been found were imbedded in the soil, and, when dislodged, 
all that portion of their surfaces which had been protected from the air was 
very soft and friable, but soon hardened on exposure. So far as has been 
noted, they all occupy areas having a slate subsoil. 

Their heights above mean tide are estimated to bo generally from about 
70 to nearly 200 feet; but a largo specimen has been found not more than 
from 15 to 20 feet above low water, which appears undisturbed by man. 

The boulders being in much request by architects, on aecount of the hard- 
ness and durability of the stone, are sent off to Dartmouth and elsewhere 
throughout a considerable district. 

Besides the sandstone boulders there are two of dolomitized limestone ; one 
of them, between the Dart and Waddeton Court, is rudely globular, and 
about 2*5 feet in mean diameter ; the other is in a field adjacent to that in 
which there is an old well covered with a red sandstone boulder. 

The following questions present themselves respecting the red boulders 
just described: — 1st. Are they travelled masses? 2nd. If so, whence did 
they come ? 3rd. When were they lodged where they now lie ? 4th. What 
was the agent of transportation ? 

1st. The New lied Sandstone system, as a continuous formation, reached 

o2 
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its southern termination in the fine cliff forming the northern boundary of 
Goodrington Sands, Torbay, about 2 miles in a straight lino north-east 
from Waddeton; but several “outliers’’ exist to the south and west of that 
point, and some of them far removed from it — namely, between Goodrington 
Sands and Saltern Cove, between Saltern Cove and Broad Sands, two very 
small masses near the top of the cliff between Berry Head and Mudstono 
Bay, at the village of Slapton on the shore of Start Bay, at Thurlestone in 
Bigbury Bay, and near Cawsand in Plymouth Sound. If these numerous 
outliers on all sides of Waddeton be taken as evidence of the denudation of 
a great volume of Hew Hed rocks in the south and west of Devon (and on this 
there will probably be little hesitation), it is possible that the blocks under 
notice may be, not travelled masses, but remnants in situ of Hew Bed beds 
which once covered the older formations now exclusively occupying the 
district. It is no doubt true that the form they now bear is not inconsistent 
with transportation ; and it is equally true that the waves, which possibly 
did the work of denudation, may have left them in situ and would have 
reduced them to the shape they now have. 

2nd. Heithcr in the Hew Bed Sandstone cliffs forming almost the entire 
coast of South-eastern Devon from Torbay to the confines of Dorsetshire, nor 
in any of the outliers already mentioned, with the exception of the two small 
masses near Berry Head, is there any sandstone having a hardness at all 
approaching that of the Waddeton boulders. The blocks, therefore, if they 
have travelled, and if their parent beds miist be pointed out, certainly connect 
themselves with the Berry-Head outliers, upwards of 4 miles off as the crow 
flies, to the exclusion of aU other sources, unless, indeed, they are fragments 
of certain well-known dykes to be briefiy described immediately. Boulders 
similar to those at Waddeton are by no means rare on the Berry-Head 
plateau ; and a largo subangular mass of the same material lies at the base of 
the raised beach between Berry Head and Berry-Head House. 

The Devonian Limestone, forming the southern shore of Torbay, is tra- 
versed by almost vertical dykes of Hew Bed Sandstone, which form two 
systems, ojie having a direction which may be conveniently termed east and 
west, whilst the other runs from north to south. The east and west system 
is well exposed at intervals from Berry Head to the railway- cutting at the 
southern end of the viaduct crossing Broad Sands, about 1*5 mile east of 
Waddeton. This body of limestone extends to Waddeton, where it termi- 
nates. It is extensively quarried at Galmpton Creek, on the right bank of 
the Dart ; but there are no traces there of such Bed Sandstone dykes as have 
been already described. 

3rd. The fact that the boulders at the Churston station, on tho tableland 
known as Galmpton Common, were completely buried in the soil, may be 
taken as evidence that a considerable time has elapsed since they were lodged 
there ; and this is borne out by the more or less corresponding condition of 
most of those at Waddeton. nevertheless, if man has neither disturbed the 
specimen mentioned as occupying the very low position in tho meadow nor 
those at higher levels, the general contour of the district can have undergone 
very little change since they were deposited where they now are, and the 
date of that event cannot be very remote geologically. 

4th. Assuming the boulder formerly adjacent to the farmhouse, and 
broken up by Mr. Studdy, to have been 10 feet in mean diameter, that its 
form was spherical or nearly so, and that its specific gravity was 2‘5, or not 
above that of common stone, it must have measured upwards of 500 cubic 
feet and weighed fuUy 36 tons. It is no doubt possible for such waves as 
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occasionally break on the British coast to move a mass having this volume 
and weight; but it maybe safely concluded that they could never have 
transported it across a submarine valley having a depth at all approaching 
that of the valleys which now separate Waddeton from any area at present 
occupied by the IS'ew Bed Sandstone formation. The very soft and friable 
character of their surfaces when first dug out of the soil renders it eminently 
improbable that if they had ever borne glacial scratches they could have 
retained them, and forbids the attempt to come to any conclusions from the 
mere absence of such marks. 

The different levels at which they arc found, the present configuration of 
the surface of the district, and the great weight of some of them, gives pro- 
bability to the opiniori that the boulders have reached Waddeton from some 
part of the district lying between Berry Head and Galmpton Common, and 
that they were transported by ice, although no certain decision can as yet bo 
reached. 


2. The Scratched Stones of Englehoume, 

Mr. Pengclly reports that, under the guidance of Mr. Paige-Brown, he 
examined these scratched stones. 

The stones in situ were eight in number, all in that part of Mr. Paige- 
Brown’s property known as “ Wise’s Englebouruc.” The first was in The 
Meadow,’^ and all the others in a field called “ Great Yackland.’^ They are 
all of fine-grained trap, of close texture, and extremely tough ; one of them, 
which has been broken, displays a schistose fracture, and may be a trap ash. 
Their heights above mean tide do not differ very much, and are estimated at 
about 100 feet. The lowest specimen is about 6 fcot above tho bottom of 
the valley. 

No. 1, near the lower gateway of “ The Meadow,’^ measures 2*5 feet in 
length, i'5 in greatest breadth, and at least 1 foot in depth. No attempt 
was made to ascertain to what depth it penetrated tho soil. It is angular, 
the upper surface smooth, with the edges and ridges rounded off, which is 
not the case with the lateral faces. There are numerous grooves on it, quite 
distinct but not sharp ; aiid wdiilst most of them arc sensibly parallel, and 
have the direction 8. 40° E. and N. 40° W. magnetic, a few cross them in 
different directions. 

No. 2 (the first we inspected in Great Yackland ’’) has had a portion 
broken off recently, but its further destruction was stayed by the proprietor. 
Tho remnant is larger than No. 1, and it is much more rounded than that 
mass. It has on it two sets of parallel grooves, one having the direction of 
E. 10° N. and W. 10° S. magnetic, whilst those of the second or less nu- 
merous set cross them in the direction of the magnetic meridian. 

No. 3, not far from No. 2, is subangular, and has numerous grooves, all in 
the direction N. 20° W. to 8. 20° E. magnetic. 

No. 4, a short distance from Nos. 2 and 3, has probably been disturbed by 
man. It has two systems of parallel grooves. 

No. 5, near No. 4, has also two systems of parallel grooves. 

No. 6, also near No. 4, does not appear to bear any grooves. 

No. 7 is some distance south of the group 4, 5, and 0. Its length and 
breadth are nearly equal ; some of its edges are partially rounded, and it has 
two systems of parallel grooves. 

No. 8, near No. 7, has an almost square upper face, and does not appear 
to be scratched. 

Of all the specimens No. 2 is the largest and, undoubtedly, the most in- 
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teresting ; and No. 1 is probably the next in interest. They all rest on a 
slate subsoil, wbioh crops up in certain places. 

That the stones havo travelled some distance there cannot be a doubt ; for 
whilst they are detached and trappean, they occupy an area having slate as 
its subsoil. 

That they have not travelled far is highly probable, from the fact that trap 
occurs in situ on almost every side of Englebourne, at distances varying from 
3 miles to 2'2 miles, to say nothing of numerous remoter masses. Of those 
in the immediate neighbourhood, one of the largest, about 1*6 mile north, 
measures 1*7 mile in length by 3 miles in greatest breadth, and is separated 
by the little river Harber from a much smaller mass on the west side of that 
stream. 

Their size is so inconsiderable as to leave no room for doubt as to their 
mobility under the action of waves or violent floods ; but to this mode of 
transport there is the grave objection that, with the exception of No. 2, they 
are not sufiicicutly rounded, even though duo allowance is made for their 
hard and tough character. 

It appears impossible to account for the grooves otherwise than by sup- 
posing them to have been produced by ice-transportation. That the famous 
granite boulder of Barnstaple Bay was ice-borne was shown in a previous 
lloport. That Bovey Heathfield was, during a very recent geological period, 
cold enough to bo the habitat of the arctic and alpine Betula nana is a well- 
established fact, and the thick accumulation known as the “ Head ’’ on Bovey 
Heathfield is explicable on the glacial rather than on any other hypothesis ; 
and were it not that glacial scratches have never been detected on the lofty 
tors of Dartmoor, where, if anywhere in Devonshire, they might have been 
expected, rather than on the low grounds about Englebourne, more certainty 
would attach to the opinion that these scratched stones are proofs of glacial 
conditions in South Devon, and that, as such, they contribute largely to the 
solution of the problem of the New Bed Sandstone boulders of Waddeton, 
from 5 to 6 miles further east. 


Hertfordshire. 

Mr. B. P. Grog, E.G.S., reports a group of small boulders in the parish of 
Westmill, near Buntingford, in the N.E. of Hertfordshire, and 30 miles due 
north of Greenwich. 

About 1 foot and feet. Several found in same field, some 50 yards or 
so apart. 

Much rounded to subangular, angular, and slightly oblong in general form. 

No groovings or striations visible. 

Nearest point certainly Derbyshire. 

90 to 100 miles distant exactly N.E. 

The boulders are composed of ordinary Mountain-limestone. 

320 feet above sea ; about 70 feet above river Bib. 

No others have been noticed in Hertfordshire, except three or four in this 
one field, which lies in a slope, with cast aspect, about 70 feet above the 
river Bib, which runs here to the south. 

The boulders in question were not exposed on the surface, but turned up 
in draining. Drains 3 feet deep. Soil a clayey loam overlying the chalk, 
which in these parts is more or loss covered with clay and gravel to depths 
of 6 inches to 30 feet or more. 
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N OTTINGHAMSHIRE. 

The Committee has been favoured with the following report from the llev. 
A. Irving, P.G.S,, of the High School, Nottingham. 

1. The boulder and clay deposits herein referred to are scattered over higher 
parts of the undulating country of tho parishes of Pliimtree, Stanton-on-the- 
Wolds, Kegworth, and Widmerpool, in South Notts. Tho new lino of rail- 
way, along which they arc exposed at present, may bo traced on the map 
running to the west of Plumtree, then converging towards tho turnpike-road 
from Plumtree to Over Broughton. The line runs for several miles near 
and almost parallel to this road. 

2. The dimensions of the largest boulder measured are 4| x 2 x 1 foot. It 
is of Lias limestone, and near the surface of tho ground at the top of tho hill 
through which passes tho cutting between Stanton and Plumtree. 

The smallest boulders arc not bigger than a man’s fist. 

Quartzite pebbles of all sizes (as if from tho Buntor) also abound in tho 
boulder-deposits. 

3. Those of tho Lias limestone are generally angular or only slightly sub- 
angular. 

Those of MUlstono-grit or Carboniferous limestono are generally rounded 
vciy much. 

4. The direction of tho longest axis of tho largest bouldor mentioned, 
and of several others observed in tho same section, was very nearly duo N. 
and S, 

5. (a) The stri® are numerous on certain boulders, but not on any very 
great proportion of them. They arc generally several inches in length, and 
seldom exceed a lino in depth. 

(l>) The stria) are very variable with respect to tho parts of tho boulders 
striated. 

(c) Tho striffi are generally in tho direction of tho longest axes. 

6. (1) The boulders of Lias limestone, which greatly preponderate, are 
derived, in all probability, from the Liossic strata of tho immediate neighbour- 
hood, upon which (as shown in the works of tho tunnel at Stanton) the 
boulders partly lie. (2) Tho nearest Millstone-grit is found at Castle Ben- 
nington and Stanton-by-Balo, in Derbyshire, on opposite sides of the Trent 
valley j the former place 12 miles south of west, the latter 1 2 miles north 
of west from tho deposits in which they now occur. (3) The nearest Car- 
boniferous limestone which corresponds precisely with that of tho boulders 
is at Ticknall, in Derbyshire, about 18 miles distant south of west. 

8. The height of tho group above the sea is about 200 feet. 

9. The extent of boulder and clay deposits is at least several square miles, 
if we include the vast accumulation of drift which caps the tops of all the hills 
about the district, and is exposed in the road-cuttings as well as on tho rail- 
way. In the cutting between Plumtree and Stanton tho boulders arc largest 
and most numerous, and are mingled with an immense number of quartzite 
pebbles, tho whole being in some places so completely bound together as to 
be almost conglomeratic. In tho tunnel (near Stanton) 70 feet ot a true 
boulder-clay arc passed through; but in this the largo (Lias) bomders occur 
less frequently, and tho pebbles are more thinly scattered, ^bis tunnel 
penetrates the hill between Stanton and Bank House (Ord. map). s^e 
kind of clay-deposit (or drift) is cut through by the cutUng close to :^whac 
Cover and by that near Widmerpool New Inn. This clay is extremely 
tenacious. 
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10. Very few of ilic boulders are found at the surface. 

In that wbicb is most characteristically a deposit (between Plum- 

tree and Stanton) the boulders arc covered entirely by a later drift-deposit, 
composed mainly of red marl, as if from the Keuper, mingled with a smaller 
proportion of Lias clay, and containing a few specimens of rolled Oryphaa. 
Here the boulder- deposit fills up a hollow in the Rhsetic beds, the erosion of 
the strata having gone entirely through the Avicula-contorta beds into the 
blue -grey marls below. At the tunnel and further south the boulder-clay 
rests upon the Lias. 

Leicestershire. 

Mr. J. Plant reports the following : — 

BlocJc o f ])orpliyritic yranite at Shaherstone^ near GopsaJl Parle. 5 x 4 x 
feet. Height above the sea about 350 feet. Ro scratches or striae are at 
present visible, the block having been greatly worn by human agency. 
Identical in composition with the porphyritic greenstone of Whitwick, near 
Colville, at the N.E. end of Charnwood Forest, 7 miles from its present site. 
At the same village great numbers of blocks of all sizes (granite, syenite, 
greenstone, basalt) are to be found in the foundations of old houses, wolls, 
and churches. 

Numerous Charnwood- Forest boulders^ 7 miles due north of Mt. Sorrel, at 
Normanton, on spar. 

There is no doubt (as pointed out in a jnevious Report) that Charnwood 
Forest was a centre of distribution by ice of blocks of all sizes. 

Block of Millstone-yrli at Ilohy, near Melton, about 3x3x3 feet. This 
grit is of peculiar composition, and full of large rounded pieces of quartz. It 
must have come from Durham and Northumberland. 

IV ORCESTERSniRE. 

Bromsgrove district . — Ninety- three boulders have been examined in this 
district, many of them of considerable size. In addition to a few derived 
from k)cal rocks, they appear to consist of three varieties of felspathic rock — 
(1) one variety compact, (2) one with small porphyritic crystals, and (3) 
one a decided ash. The colour of the rock is dark grey to light grey, some- 
times with a greenish tinge, but generally bluish. Evidences abound of a 
very great destruction of boulders in this district from time immemorial. 
Many have been buried to get them out of the way, and many broken up 
for building-purposes. It is impossible, therefore, to generalize upon their 
distribution ; hut in the mean time it is very noticeable that no specimens 
of granite boulders have yet been observed in the Bromsgrove district, 
although they occur so abundantly around Wolverhampton. Tho following 
is a list of the principal boulders in this locality. The Committee are 
under great obligations to Mr. G. Hippie, of Ford House, for his invaluable 
assistance. 

Compact felstone (C. F, below), 2x2x3 ft., 275 feet above sea, corner of 
now road near station. 

Folstone with quartz, 272 feet above sea, three fragments close to railway 
bridge. 

C. F., 2x2 X 2 ft., 276 feet above sea, three boulders with fragments near 
Finstal House. 

Felspathic ash (F. A. below), 5 x3| x3 ft., 280 feet above sea. Another 
100 yards up the E. road, 3x2 x ]| ft., with four smaller. 

F. A,, 3| X 3| X ft., Webb’s farm. 
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C. F. (almost hornstone), 2 x 1-| X 1 ft., near Stoke Elm and canal bridge ; 
another (felstono) near Meadow Farm. 

F. A. (greenish), 21" x 14" X 12", on road from Hanbury to Stoke, with 
two fragments of Wenlock limestone. 

F. A., 18" X 15" X 9", opposite Stoke church, with others smaller, 

F. A. (horny), 5|' x4' x 2' 4", 273 feet above sea, at Fringe Green. 

Fclstone (or ash?), six small, on new road to Bromsgrove, 270 feet above sea. 

Felstone (or ash ), five small, 292 feet above sea, near police station. 

Others similar at corner of Old Station Street, Hobbis’s Yard, Chapel 
Street, Mill Lane, Alcestcr Hoad, &c., at heights from 282 to 296 feet. 

Felspar porphyrite (F. P. below), 4' 8" x 2' 6" x 1' 9", 410 feet above sea, 
Dog Lane, Catshill. 

F. A., 3' x 2' X 1' 8", 415 feet above sea, near Canister, with another 
almost as large. 

F. P., 6' 9" X 2' 9" X 1' C", 585 feet above sea, near Woodrow, at corner of 
road to Lydgate Ash. 

F. P., 8' 5" X 4' X 2', angular, 700 feet above sea, near Whetty. 

Permian breccia, small boulders near Burcott. 

Fclspathic ash, light grey, 3' x2' X 11', 380 feet above sea, at Burcott. 

Dolcrite (? Bowley rag), 2' x 1' G" x 1', 280 feet above sea, corner of Perry 
Hall, opposite church, subangular; another, half a ton weight, reported as 
buried near. 

F. A., with quartz veins, subangular, 4' x2' X 1' 3" and 3' x 1' 3" x 1' 3", 
with a large one, more than half buried, near Halfway House ; 100 yards 
further, near gate, four others: — 2'xl' 0"x 1' 3", bluish ash, porphyritic; 
2' 6" X 1' 3" x 1' 3", almost hornstone ; and two smaller F. A. 

F. A., a group of nine, near the cross roads, Woodcoto Farm ; largest 
4' X 2' 4" X (boulder half buried), and 4' x 3' 0" x 1' 10", subangular or angular, 

F. A. (subangular), 3' 9" x 2' 9" X 2' G", road into Han Dan Woods. 

Many others are found in walls, and some of great size are reported 
buried thoughout the district. 

Mr. C. J. Watson has pointed out a group of boulders between Horthfield 
and King’s Korton. They occur in an excavation immediately above the 
letter d of Korthfield on the Ordnance Map. Eleven large and some smaller 
are found wdthin a radius of 20 yards ; and many others are scattered through 
the fields immediately around and extending towards the railway. They are 
of felstone and felspathic ash. The specific gravity of one of them was 2*03. 
The following are the measurements of the largest of the group : — F., 6' x 4' x 3' ; 
F., 4'G"x2'x2'; F.A., 2'xl' G"xr; F. P,, 3' 4" x 2' x P ; F.,G'x2'6'' 
X (buried) ; F., 5' X 3' x 2' 6" ; F., 2' 10" x 2' 4" x 1' 11" ; F., 4' 4" x 3' 6" 
X (buried) ; F., G' x 3' X 2' ; F., 2' 4" x 1' 8" X 1'. 

Hcv. J. M. L. Aston, Yiear of King’s Norton, reports a group of boulders^ 
of greenish felstone, some of which are worked into the masonry of the 
foundation of the church-tower and others imbedded in rubbish. They are 
subangular, and the exposed surfaces are often rounded. The largest is 
6'x4' 6''xr G". 

A boulder of compact felstone has been found in Cannon HiU Park, Bir- 
mingham, 6' X 4' 3" X 4', rounded in parts and subangular, and to some extent 
smoothed and polished. It was dug out of valley-drift in making a lake. 

These Worcestershire felspathic boulders are probably from Wales. They 
are in positions which indicate that they have dropped from floating ice rather 
than been deposited by land-ice. Signs of land-ice in the Midlands must be 
looked for in boulder-clays at considerable depths beneath the general drift. 
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Lancashire. 

Mr. Morton reports the following cases of isolated boulders 

1. Hacking Hoy, near Liverpool Exchange, parish of Liverpool, 

4 ft. 6 in, X 3 ft. 3 in. x 2 ft. 

Bounded or subangular. 

It was found in an excavation in the boulder-clay, and has since been 
placed in front of the Museum, in William brown Street, half a mile from 
its original position. 

Striated lengthways on one of longest sides. 

Strise on one side only. 

Striations parallel with the longer axis. 

Composed of folspathic breccia. 

Original position in the clay, 30 feet above the sea. 

Originally imbedded in the boulder-clay. 

2. Kensington, near Liverpool (2 miles), parish of West Derby. Bounded 
boulder. 

5ft. 6 in. X 4ft. X 2 ft. 

It was found in the bouldcr-clay close by, and placed close to the rock 
in its present position. 

Greenstone diorite in a decomposed state. 

About 20p feet above the sea. 

Originally imbedded in the bouldcr-clay. 

3. Leasowe Castle, parish of Wallasey. A long rounded mass. 

6ft. Cin.x3ft.x3ft. 

It has been drawn up from the shore (which is boulder-clay), and de- 
posited, with two others, in the grounds in front of Leasowe Castle. 

Greenstone diorite, a rock of common occurrence in the bouldcr-clay 
around Liverpool. It has a strong tendency to exfoliate, and contains the 
mineral isoriue. 

It was found several feet below high-water mark. 

It was probably imbedded in the boulder-clay, and exposed by denudation, 

4. Leasowe Castle, parish of Wallasey. Bounded boulder. 
7ft.x7ft.x3ft. 

It has been drawn up from the shore (which is bouldor-clay), and depo- 
sited, with two others, in the grounds in front of Leasowe Castle, 

Striated on part of the longest sides. 

A striated surface, 3 ft. x 7 ft. x 7 ft. 

Grey syenite. 

It was found several feet below high-water mark. 

It was probably imbedded in the boulder-clay, and exposed by denudation. 

5. Leasowe Castle, parish of Wallasey. A worn flat mass, subangular. 

7 ft. X 7 ft. X 2 ft. 6 in. 

It has been drawn up from the shore (which is boulder- clay), and depo- 
sited, wijth two others, in the grounds in front of Leasowe Castle. 

A variety of felspathic ash, similar to the boulders which occur in the 
neighbourhood of IJangollcn ; but it is a question if it comes from the same 
region, as they are supposed to have done. 

It was found several feet below high-water mark. 

It was probably imbedded in the boulder-clay, and exposed by denudation. 
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Yorkshire. 

Mr, Gibbins reports, at the N.W, of Bradford, a few wbinstone boulders 
similar to the rocks at Scaw Poll, Cumberland, containing small garnets. 


To give completeness to their Eeport, the Committee propose to catalogue 
from time to time notices of remarkable erratic blocks which, may appear. 

The following papers by Mr. D. Mackintosh, F.G.S., contain notices of 
the positions, dispersion, and derivation of many boulders in the North and 
West of England and in North Wales: — ‘Quart. Journ. Geol. Soc.’ for Nov. 
1867, Terminal Curvature of Slaty Lamina) in W. Somerset; for Juno 1869, 
Correlation of the Drifts of N.W. Lancashire &c. ; for Nov. 1872, Sea-coast 
Section of Bouldcr-clay in Cheshire ; for Aug. 1873, The more remarkable 
Boulders of the N.W. of England &c.; for Deo. 1874, Additional Eemarks on 
Boulders, with a particular reference to those of North Wales. ‘ Geological 
Magazine ’ for Sept. 1867, Eailway Geology, from Exeter to Newton Bushell 
and Moretonhampstead ; for Aug. 1 870, Dispersion of Shapfell Boulders ; for 
Oct. 1870, Origin of the Drifts <fec. of the Lake-district; for Dec. 1870, Dis- 
persion of Criffcll Granite &e. over the plain of Cumberland ; for July 1871, 
Drifts of the W. and S. borders of the Lake-district, and the three Great 
Granitic Dispersions; for Jan. 1872, Ago of Floating Ice in North Wales; 
for Sept. 1872, Glacial Drift of the Central Part of the Lake-district, up to 
2800 feet above the sea ; for Feb. 1874, Section of Preglacial White Clay and 
Sand near Mold. ‘ Proc. of W. Hiding Geol. Soc.^ for 1870, Drift-deposits 
of the West Hiding of Yorkshire &c. 

The perpetual destruction of erratic blocks going on throughout the 
country renders the Committee anxious to receive further reports. The pro- 
blems to be solved arc of large geological importance, and bear directly upon 
the extension of the ice-fields and the ocean currents, the elevation and sub- 
sidence of the land, and the divisions of the periods in the glacial epoch. 


Report of the Rainfall Committee for the year 1874-75. T'he Com^ 
mittee consists of C. Brooke, RR.S., Chairman, J. F. Bateman, 
C.E., F.R,S., Eogers Field, C.E., J. Glaisher, F.R.S,, T. 
Hawksley, C,E., The Earl of Eosse, F.R,S., J. Smyth, Jun., 
C,E., C. Tomlinson, F.R,S., G. J. Symons, Secretary, 

Your Committee have taken all the steps in their power to complete the 
reductional work already in hand, and have succeeded with two exceptions, 
each of which is only partial. The first, and one which is essential to the 
completeness of our work and invaluable to all future inquirers, is a list of 
all observations made in the British Isles from the earliest to the present 
time. The second is an abstract of about 800 position returns, which will 
indicate the value to be attached to the different current observations. Both 
of these works are in a very forward state. 

With a view to facilitate reference to our reports, and of placing before 
the Association an epitome of what we have done, our Secretary has em- 
bodied in this Report a prkis of the rainfall work done by your Committee. 
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Eainpall Work under the auspices oe the British Association. 

The first reference to the rainfall work which has now reached so full a 
development is a short note in the British Association Eeport, 1861, -Sections, 
page 74, which is as follows ; — 

On British Rainfall, By G. J. Symons. 

“ The author directed attention to the very contrary statements current on 
the question — Is there any secular variation in the amount of British rain- 
fall? 

“ After quoting several of the most important opinions, he stated that, in 
the hope of finally settling the question, ho had commenced collecting all 
known rain-registers, and had already tabulated [an aggregate of] more than 
6000 years’ observations. 

‘‘He proceeded to invite criticism on the mode of discussion which ho in- 
tended to adopt, and also on a proposed method of delineation, — the rainfall 
in 1860, at 241 stations in Great Britain, being laid down on a largo map as 
a specimen.” 

In 1862, Mr. Symons submitted a paper giving the monthly fall during 
1860-61 at 453 stations, preceded by remarks that unless all gauges were 
accurate, well placed, and their heights above the ground and above sea- 
level known, their results were not comparable. 

This could only be thoroughly ensured by gauges being visited and tested 
in situ by some competent person. 

This paper also contained Tables comparing the mean rainfall of the two 
years 1860-61 with that of the ten years 1850-59, and a short one com- 
paring that of the above-mentioned ten years with several very long series 
of years. We reprint this short Table, as it remarkably supports the results 
subsequently obtained by entirely different methods. 


Difference between Mean Rainfall, as obtained from long scries of years and 
from the ten years 1850-59. 


Division. 

Name of Station. 

Period of 
observa- 
tion. 

Total 

number 

of 

years. 

Mean of 
the whole 
period. 

Mean of 
ten years, 
1860-59. 

Differ- 

ence 

per 

cent. 

II. 

Greenwich 

1815-61 

47 

in. 

25-42 

in. 

23-16 

-9 

V. 

St. Thomas, Exeter.. 

1814-61 

48 

32-80 

31-15 

-5 

VI. 

Orleton, Worceetcr.. 

1831-61 

31 

29-18 

28-82 

-1 

VIII. 

Bolton-le-Moors . . . 

1831-61 

31 

46 92 

44-10 

-6 

IX. 

Halifax 

1829-61 

33 

32-38 

30-71 

-5 

XV. 

Rothesay, Buto 

1800-61 

62 

48-31 

4697 

-5 


This paper was printed in extenso among the Reports. 
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In 1863 the only paper submitted was a short description of some ex- 
perimental gauges erected by Colonel Ward at Caine, Wilts; but Mr. Symons 
was requested to report upon the rainfall of the British Isles during the years 
1862 and 1863, and the sum of £20 was placed at his disposal for the purpose 
of constructing and transmitting rain-gauges to districts where observations 
were not then made — the gauges to be sent within the British Isles, and 
the loan to be cancelled should the observations not be satisfactorily made. 

In 1864 the Eeport dealt with the steps taken to secure additional sta- 
tions, stated whither the gauges purchased out of the grant had been sent, 
reported the establishment, at the cost and under the personal care of Major 
Mathew, of an extensive series of stations in tho Snowdonian district, as to 
the rainfall of which hardly any thing was known, and the testing m situ 
of a considerable number of rain-gauges. It concluded with tho biannual 
scries of tables of rainfall, viz. those for 1862 and 1863, and remarks 
thereupon. A grant of .£30 for tho same purposes as in the previous year 
was passed. 

In 1865 an important Eeport was drawn up by Mr. Symons; it was 
divided into five principal sections : (1) what had been done prior to 1860 ; 
(2) what has been done since 1860 ; (3) what remains to be done ; (4) a 
few particulars respecting tho rainfall of the last fifty years and the fall in 
1864 ; (5) a list of all stations in the British Isles at which rainfall obser- 
vations wore known to have been made, with details respecting them. 

Sections (1) and (5) jointly give a nearly complete history of the rainfall 
observations made in this country from their commencement in 1677 to 1864, 
and notes of publications upon tho subject. Section (2) explains tho stops 
taken by Mr. Symons to collect and arrange these old observations, to pub- 
lish current ones, to examine rain-gauges in situ and also, before despatch, 
to secure uniformity in records of rainy days (by the adoption of 0*01 in. of 
rain as the unit), and to secure tolerably equal geographical distribution for 
the stations. It also briefly notices the necessity for accurate determinations 
of the influence of elevation above the ground and of variations in the re- 
ceiving area, and states that experimental determination of these values was 
in progress. Also notifies the reestablishment of the mountain rain-gauges 
in the Western Lake-district and the new scries in North Wales. 

Section (3) was devoted to what remains to he clone^ and need not be con- 
sidered at length. Much of what was then (1865) described as necessary 
has been accomplished, and will therefore be subsequently mentioned ; but 
quite as much remains to be done ; e, g,, the search for old records at the 
British Museum has been entirely stopped for several years, and the exami- 
nation of gauges in situ has by no means reached its proper development. 

Section (4) gave a few particulars respecting the rainfall of the last fifty 
years and the fall in 1864. This was the first approximation to the deter- 
mination of the fluctuation of the fall of rain over a large extent of country ; 
but as it was followed by a far more elaborate and rather different investi- 
gation, its interest is merely historical and confirmatory. At this (the 
Birmingham) Meeting (in 1865) it was resolved that Mr. Symons should 
have tho assistance and support of a Committee ; and the following were the 
members originally appointed : — J. Glaisher, E.E.S., Lord Wrotteslcy, 
P.E.S., Professor Phillips, E.R.S., Professor Tyndall, P.Il.S., Dr. Leo, 
E.E.S., J. P. Bateman, P.E.B., R. W. Mylno, P.R.B., C. Brooke, P.R.S., 
G. J. Bymons, Secretary. 
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In 1866 a very long Eeport was presented by your Committee ; the prin- 
cipal subjects may be briefly mentioned. In November 1865 a circular 
letter was sent to the Editor of nearly every newspaper published in the 
British Isles, with a request for its insertion in the next iss|ie ; the letter 
gave a brief outline of the necessity for rainfall observationsi and invited 
communications from any persons who possessed old records or were willing 
to become observers. About 1400 of these circulars were issued, many 
hundred newspapers reprinted them, so that upwards of a million copies 
must have been circulated. This produced an enormous influx of letters and 
material additions, both to the store of old observations and to the list of 
current observers. The Report contained full details of all the gauges ex- 
amined in situ up to that date, viz. 166 ; also short notices of a scries of 
inclined and tipping-funnelled rain-gauges erected at Rotherham by Mr. 
Chrimes, and on river-mists in the Thames valley. Rut the special feature 
of the Report, and one which is at present unequalled in this or any other 
country, is the determination of the fluctuation of the rainfall of England 
during 140 consecutive years, viz. from 1726 to 1865. As all the original 
data are given in the Report, it is open to any one to verify the conclusions 
arrived at. Lastly, the Report contained the usual biannual tables of monthly 
rainfall. 

In the 1867 Report the principal fresh subjects are notes respecting the 
desirability of establishing fresh stations in the vicinity of the Peak of Derby- 
shire and in the Eastern Lake-district, of the percentage of arnnal rain 
which falls monthly in different localities^ and on an extensive system for ap- 
proximately determining the height of rain-gauge stations above sca-level. 
The Report also contains details respecting the examination of 75 stations 
visited during the year. 

The 1868 Report deals briefly with the results obtained by the inclined 
experimental gauges at Rotherham, and shows the similarity of monthly 
curves representing — (1) ratio of rainfall at 25 feet to that at 1 foot ; (2) 
velocity of wind; (3) mean angle from vertical of fsiUing rain. It then 
notices the removal of the Calno experimental gauges to Strathfield Turgiss. 
The Report proceeds to embody the results of the discussion of about 40,000 
monthly values in order to determine the laws which regulate the monthly 
percentage of annual rainfall in different districts, and gives tabular state- 
ments of the results, and factors for eliminating the disturbing element due 
to the fact that the influence of elevation above ground varies with the time 
of year. The usual biannual tables of monthly rainfall are given, also a 
Table comparing the fall 1860-67 with the average for 1850-59, raised by 
5 per cent, in accordance with the Table published in 1862. A valuable 
paper by Professor Phillips was printed as an Appendix, in which he dis- 
cussed the quantity of rain falling in the Lake-district. 

The 1869 Report contains — (1) a code of rules for observers ; (2) a 
sketch and description of Mr. Symons’s first pattern of storm rain-gauge, 
adapted for the accurate measurement of heavy falls of rain of short dura- 
tion ; (3) an abstract and discussion of the results of the gauges erected, 
first at Caine and then at Strathfield Turgiss, to determine the influence of 
size and shape upon the amount of rain indicated by rain-gauges: there 
were twelve gauges, of which the diameters ranged from 1 to 24 inches ; and 
the final result was that, excluding the gauge 1 inch in diameter, which 
everywhere collects less pro rata than any other, the gauges while at Caine 
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only differed 5-8 per cent., the largest quantity being recorded by those 
gauges which were most easily managed, viz. those 5, G, and 8 inches in 
diameter, and that at Strathficld Turgiss they agreed still more closely, all 
but tho 1-inch and 24-inch agreeing within 1*5 per cent. ; (4) the Eeport 
also contains tho results of the visitation of 54 rain-gauge stations. 

In the autumn of 1869 our Secretary visited and examined every rain- 
gauge station in Cornwall, and also those in the Scilly Isles, and thirty-two 
of the Devonshire stations, besides personally starting several new ones on 
Dartmoor. 

The 1870 Ilcport deals first with the establishment of thirty new stations 
provided with instruments by this Association, then proceeds to notice the 
above-mentioned extensive examination tour, 97 stations being reported upon. 
This is followed by a brief history of experimental determinations of tho de- 
crease of rainfall with height, and a detailed description and thorough ana- 
lysis of the monthly results obtained at Caine. The Iteport also contains the 
biannual tables for 18G8-G9. 

Tho 1871 Ilcport calls prominent attention to the necessity which exists 
for systematic inspection of stations. It then gives a specimen of forms 
which were issued to all observers, reepesting particulars of tho position and 
surrounding objects of their gauges. After brief notes upon the establish- 
ment of some new stations in North Derbyshire, and upon the results of some 
experiments with Isolated level or pit ” rain-gauges, tho Eeport pro- 
ceeds to notice the results of the discussion of all British rainfall registers 
which were absolutely continuous from January Ist, 18G0 to December 31st, 
1869 — (1) with reference to their bearing on the question of tho existence 
or otherwise of secular variation of rainfall in the British Isles, and (2) as 
data indicative of the distribution of rain over the country. 

The 1872 Eeport explains the steps taken in consequence of tho strong 
representations made to your Committee at Edinburgh respecting the neces- 
sity for additional stations in the Highlands, viz. the establishment of ton 
stations principally on the west coast, through the cooperation of tho Secre- 
tary of the Scottish Meteorological Society, and of about thirty along the 
Highland and Dingwall and Skye railways, through tho kindness of tho 
Directors of those companies. 

It announces the presentation by this Committee to tho Scottish Meteoro- 
logical Society of a set of standard measures for tho complete verification of 
rain-gauges, together with the necessary note-books, the understanding being 
that the Secretary of that Society shall from time to time communicate to this 
Committee the results obtained by its employment. It concludes with a dis- 
cussion of the rainfall of the years 1870-71, and the usual biannual tables. 

The 1873 Eeport calls attention to tho existence of many districts where 
additional stations are necessary, but suggests tho postponement of any 
special effort towards their snpply until tho revised edition of the list of 
stations published in the Eeport of this Association for 1865 is completed. 
The original list has, mainly in consequence of the development of the work 
under the auspices of the Committee, become obsolete, as it does not contain 
more than two thirds of the data now collected. The new list will contain 
notes of all records known at the date of publication, and will bo extremely 
valuable to future inquirers. The Eeport proceeds to state the result of the 
issue of the Position Inquiry forms mentioned in tho 1871 Eeport, upwards 
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of 800 of which elaborate returns were received. Although these returns 
would never remove the necessity for personal inspection, which all expe- 
rience, both British and foreign, shows to be essential, yet they are ex- 
tremely valuable as showing the districts in which that inspection is 
most needed. The monthly percentage of total annual fall during the 
decade 1860-69, as based upon more than thirty-eight thousand monthly 
amounts, is then thoroughly discussed, and the inquiry is supplemented 
by an analysis of several long registers, viz. seventeen registers which indi- 
vidually extend over 40 years, four which extend over 50 years, and one 
which exceeds^ 60 years. Lastly the lleport gives the details of the inspec- 
tion of 63 stations. 

The 1874 (and last) Eeport opens with some remarks upon the comple- 
tion of the abstracts of the position returns and the difficulty respecting their 
publication, which arises from their very voluminous nature ; it then proceeds 
to the subject of the examination of gauges in situ^ and dwells with satisfac- 
tion on the number inspected. The progress of the list of stations, which has 
been upwards of five years in hand, is stated ; reference is made to the 
paucity of stations in Ireland ; and then details are given of the inspection by 
our Secretary of the East-Cumberland mountain gauges, which were pre- 
sented to this Committee in 1869, and have since been kept in operation at 
their expense. After mentioning a few minor matters, the lleport proceeds 
to discuss fully the exceptional rainfall of 1 872 and its many unprecedented 
features. The usual biannual tables for 1872-73 arc then given, and the 
Report ends with the results of the examination in sitic of 77 gauges. 


The foregoing outline of the contents of our Reports will give an idea of 
the very important work which has been accomplished under the supervision 
of your Committee ; but no one could fully realize its amount without going 
carefully through the various branches of work and considering what each 
implies. We may be permitted to give one illustration. The last line of 
the above narrative states that the Report ends with the results of the ex- 
amination in situ of 77 gauges.'' Now these stations range from Cumber- 
land to Southampton, from Kent to Devon ; they are scattered over thirteen 
counties ; they include such difficultly accessible places as Walshaw Dean, 
Halifax, Dartmoor Prison, and Mardale Green, Ilaweswater, and have in- 
volved at least 1500 miles of travel in order to inspect tliera. 

We proceed to report what occurred at Belfast in 1874 and the work 
resulting therefrom. With reference to the engineering paper on the drain- 
age of the Shannon &c., considerable attention was ebawu to the small 
number of rain stations in Ireland, which deficiency we had mentioned in 
our Report. Eventually, on our reappointment at Belfast, we were instructed 
.to obtain additional stations in Ireland, and a special grant was entrusted to 
us for the purpose. 

Without entering into details respecting the steps which wo took to obtain 
additional stations, it will be sufficient to mention that they were so success- 
ful that we received 190 offers of assistance. The acceptance of all these 
offers would have involved an expenditure far beyond the funds at our dis- 
posal ; and your Committee were therefore reluctantly compelled to make a 
careful selection, resulting, however, in the establishment of 66 stations, many 
of them in localities of extreme importance. 
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In explanation of the large number which we have been enabled to erect 
out of our small grant, we are bound to state that several have been erected 
at the expense of private individuals, that we are largely indebted to Mr. 
Eason of Dublin, who not only gratuitously transmitted all the gauges from 
London to Dublin, but also subsequently despatched them by various routes 
to the destinations directed by our Secretary. Wo are also indebted to him 
for 100 copies of a map of Ireland, which has been very useful for working 
purposes, and generally for much assistance. As to the localities, they will 
be best appreciated by reference to the map (Plate III.). In order to pre- 
vent any dereliction of duty on the part of the observers, we have instructed 
them to report monthly ; and we are glad to say that they are working very 
satisfactorily. We need hardly state that the organization of this largo 
series of stations involved considerable expense, and occupied much time, as 
the organization of each station involved several letters. Subsequently all 
our efforts have been concentrated on the compilation of the revised edition 
of the list of stations and observations to which wo have so often referred. 
We hoped that it would be completed for the present meeting, and have used 
every possible exertion to secure that object, so that wo might not only show 
the Association precisely what we have done, but also, if they wish it, ter- 
minate with partial completeness our labours in connexion with the Associ- 
ation. Conscious that without accuracy scientific work is useless, wc have 
had every entry extracted in duplicate and every difference rigorously ex- 
amined ; the result, however, is that we are only able to present in its per- 
fect form the list for the first six divisions, which include twenty-seven 
counties. 

The Position returns have all been carefully reduced and analyzed, bub the 
final abstract of them for publication has not yet been prepared. The col- 
lecbion of these returns having been suggested by their eminent member Mr. 
J. F. Bateman, C.E., F.R.S., your Committee were desirous to consult him 
respecting the manner in which they could best be utilized, and instructed 
their Secretary to do so. Unfortunately, however, his severe illness has pre- 
vented any steps being taken in the matter. 

As, in the opinion of your Committee, it is not desirable that those works 
should be left in their present incomplete state, they are obliged to ask for 
reappointment. 

In conclusion, looking back over the past fifteen years, we find among the 
work accomplished the following items : — the number of stations raised from 
241 to nearly 2000 ; the influence of size and shape on the indications of 
rain-gauges has been experimentally examined, and also the effect of height 
above ground ; the laws which regulate the seasonal distribution of rainfall 
have been ascertained ; the secular variation of annual fall has been approxi- 
mately determined ; a code of rules has been drawn up for observers ; nearly 
250 stations have been started at the cost of the Association, and 629 stations 
have been visited and the gauges examined by our Secretary. 

{ We have obtained and supported observations on mountain-tops and other in- 
accossible places where no observations had been made, in Cumberland, West- 
moreland,- Wales, and Scotland, and also an extensive series in Ireland. 
Wh^n the works actually in hand are completed, we shall also have furnished 
an index to all observations hitherto made, and a guide to the value to bo 
attached to the returns from at least a thousand observers. 

Your Committee cannot conclude without expressing their hope that, as 
the system of rain-gauges in Ireland has been established with such remark- 
able success, the labours of the Committee may be continued. 

1875. 


n 



98 


REPORT 1875. 


ON THE RAINFALL OF THE BRITISH ISLES. 


99 


EXAMINATION OF 


Reference 

number. 

.2 

0 '..C 

COUNTY. 

Station. 

OWJSKR. 

Observer. . 

0 . 

CS 0 
cj bf) 

■ [: 

? S 

Height of 
gauge. 

R 1 

© 

1 i) 

Maker’s name. | 

E 


Vbove ^ 
round. 

^^bove 

sea- 

level. 

557- . 

1874. 
A-ug. 10. 

SOMERSET. 

Literary Institution, Bath. 

THE INSTITUTION. 

Mr. Bussell. 

VIII. . 

inou 9 

1 

1 a.m. 

I. in. 

8 7 

feet.* 

75 

OO 

1873. 
Aug. 19. 


XII. 1 


) a.m. 

I 0 

157 

W iJjloliJLlvJli. 

Tytlierton, Chippenliam. 
MAJOR GRITTON. 

Major Gritton. 



559’ 

Aug. 20. 

WILTSHIRE. 

Sunnyside, Trowbridge. 

W. J. MANN, ESQ. 

W. J. Mann, Esq. 

XII. 

Ca sella < 

9 a.m. 

I 0 

190 

560. 

Aug. 21. 


XII. 


9 a.m. 

0 8 

263 

Alderbury, Salisbury. 

REV. R. S. HUTCHINGS. 

Rev. R. S. Hutchings. 

TirrTT rratTTX)!? 


I 2 

561. 

Aug. 22. 

III. 


150 

Lower Woodford, Salisbury. 

11 . HINXMAN, ESQ. ' 

H. Hinxmaoi, Esq. 




562. 

Aug. 23. 

WILTSHIRE. 

West Dean, Salisbury. 

Rl V. W. EYRE. 

Mr. J. Moodee. 

XII. 

hpI In. 


I 0 

140 


9 a.m. 


563, 

. Aug. 26 


III. 

Nogrei i i 

9 a.m. 

I 0 

80 

, JVjilNJL. 

Eltliain Green (Field). 

E. J. C. SMITH, ESQ. 

E. J. 0 . Smith, Esq. 

xnnvm' 

^pps 

2 4 

162 

564 

. Sept. 6 

XII. 

. 9 a.m. 

. AJliii JL . 

Hartford (The Downs). 

R, F. JARVIS, ESQ. 

R. F. Jarvis, Esq. 





565 

1874. 

:• Aug. 17 

r. CUMBERLAND. 

Scotby, Carlisle. 

A. SUTTON, ESQ. 

A. Sutton, Esq. 

VIII 

Marshall 

. 9 a.m, 

. 5 6 

140 


56! 

>. Aug. 

u CUMBERLAND. 

Cemetery, Carlisle. 

J. CARTMEL, ESQ. 

Mr. Bell. 

X. 

Nogrctti&Zambr 

a 9 a.m 

. 0 8 

114 

56: 

j. Aug. 21 

5. ANTRIM. 

Linen Hall, Belfast. 

II. 

Anon. , 

. 9 a.m 

. 4 8 

30 






Mr. Maitland. 








RAIN-GAUGES {continued from Brit, Assoc, Bep, 1874, p. 117). 


Diameters 

(that 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point 
specified in 
previous 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gaugo. 

Remark.s on position &c. 

Reference 

number. 

Scale- 

point. 

Grains. 

in. 

in. 


in. 




6*co 

*i 

710 

correct. 


On thermometer-stand in grounds 

557* 

6*00 

*2 

1420 

-}-*00I 


of Institution; corrected glass 


6-00 

•3 

2100 

-{-•006 


has been supplied* 


6*00 

•4 

27S0 

4-*oii 




M 6*000 

•5 

3450 

H-*oi7 




4‘95 

*r 

490 

correct. 

N.E. Shrubs, 32°. 

On lawn ; best position available. 

558. 

5*00 


970 

-f*oo3 

N.W. Fir, 28^. 



4-98 

•3 

1460 

+ '003 

W. Apple, 44°. 



5*00 

•4 

i960 

-l-*002 

S.&S.S.E. Trees, 32° 



M 4*9 8 

•5 

2460 

correct. 

N.N.W. House, 22° 



4‘97 

*i 

490 

+ *001 

N.N.E. Trees, 25°. 

In strawberry-bed, good open po- 

559- 

5*00 

*2 

970 

-4- *004 

E.S.E. „ 25®. 

sition. 


5*00 

•3 

1470 

4--003 




5*00 

•4 

1950 

-|-‘oo6 




M 4*993 

•5 

2450 

-l-*oo4 




4*96 

*i 

470 

-f *004 

W.S.W.Hou8e,40°. 


560. 

4^8 

*2 

970 

H-*002 

W. Tree, 30°. 


4*96 

'3 

1460 

-I- '002 

N.E. Trees, 30°. 



5*00 

'4 

1970 

— *001 

E. „ 36°. 



M 4*975 

•5 

2476 

•—•004 




4-98 

*1 

500 

— *002 

S.S.E. Trees, ,38°. 

Surrounded by vegetables and not 

561. 

4-95 

*2 

1000 

— *004 

E.N.E. House, 20°. 

firmly fixed ; observer promised 


4*98 

’3 

1495 

— •005 

E. Tree, 18°. 

tliat this should bo carefidly 


4*98 

■4 

2000 

— *007 

W.S.W. Tree, 30°. 

done. 


M 4-973 

•5 

2500 

— 'OIO 

S. Trees, 20°. 



4*97 

*i 

490 

— *001 

N. Tree, 40°. 


562. 

5*02 

*2 

970 

+ *004 

N.E. „ 35°. j 



4*99 

•3 

1460 

+ '«^05 

E.N.E. &E. Tree, 25°.l 



5*00 

'4 

1950 

+.006 

S.W. Tree, 35°. 



M 4*995 

•5 

2460 

+*003 

N.W. „ 38°. 



4’93 

*i 

445 

-f*oo9 


In a field, quite clear and open ... 

563. 

5-04 

*2 

950 

-f-’oo6 




4'95 

■3 

1450 

+•004 





*4 

1950 

•+-*002 




M 4*970 

'5 

2440 

-l-*002 




4-98 

*i 

! 450 

+ *009 

N.N.E. House, 25°. 

Fixed on lawn, in the stump of a 

564. 

5-01 

*2 

1000 

— *002 

S.&S.S.E. Trees, 34° 

tree. 


5*00 

'3 

1480 

-|-*OOI 

S.W.^W.S.W.Tr.SO® 



5*00 

•4 

1970 

-f-*C02 

N.W. Trees, 25°. 


1 , 

M 4*998 

'5 

2480 

correct. 




8*00 

*i 

1^55 

— *001 

E. Low Trees, 20°. 

In garden, quite clear except as 

565. 

7*86 

*192 

2400 

— *OOI 


noted. 


7-90 

‘^5 

3100 

-I- *00 1 











M 7*923 







7*99 

*1 

1280 

— *001 

E. Tlier.-stand, 48° 

A piece of ground 9 ft. X 13 ft. is 

566. 

8*02 

•108 

1390 

— *001 

N. Railing, 22°. 

Burrounded by an iron railing 


8’oo 




W. „ 59°. 

5 ft. high, within which are all 


8*00 




S. „ 58° 

the instruments. 


M 8*002 







11*30 

•05 

1260 

correct. 


In garden in centre of Linen Hal 

.6 

11*26 


2520 

correct. 


Buildings ; quite clear. 


11*30 







11*23 







Mi I *273 


i 

1 







100 


REPORT — 1875 


ON THE RAINFALL OF THE BRITISH ISLES 


101 


EXAMINATION OF KAIN-GAUGES (coRrmwftZ). 


Beference 

number. 

0 

COUNTY. 

Station. 

OWNER. 

Observer. 

0 

0 . 

*rt <i> 

Maker’s name. 

*0 W) 

0 .B 

Height of 
gauge. 

■S.S 

fil 

i 

1° 

S 4 ^ 

.2 es 

Above 

ground. 

Above 

sea* 

level. 

568. 

1874. 
Aug. i6. 

A tvttpTTV/T 

III. 



ft. in. 

I 2 

feet. 

150 

AiN XxvliVL. 

The Manse, Antrim. 

REV. J. H. ORR. 

Rev. J. H. Orr. 




569. 

Aug. 28. 

ANTRIM. 

Queens College, Belfast. 

THE COLLEGE. 

W. Taylor. 

IV. 


9 a.m. 

7 ^ 

68 





570. 

Aug. 28. 

ANTRIM. 

Antrim Road, Belfast. 

THE COBVOnA'JTON. 

W, J. Smith, Esq, 

IV. 


9 a.m. 

7 ^ 

144 



571 - 

Aug. 28. 

ANTBIM. 

Old Park. 

W. GIRDWOOD, ESQ. 

Mr, Armsiro?i(/. 

XII. 


1 0 a.m. 

4 0 

224 



572. 

Aug. 29. 

DOWN. 

Milltown, Banbridgc. 

J. SMYTH, JUN, ESQ., C.E. 

J. Smyth, Jun., Esq., C.E, 

X. 

Negretti AZiimbra 

9 a.m. 

0 6 

zoo 

573 * 

Aug. 29. 

DOWN. 

Milltown, Banbridge. 

J. SMYTH, JUN, ESQ.. C.E. 

J, Smyth, Jun., Esq., C.E. 

VIII. 

A n on 


40 0 

220 




574 ' 

. Aug. 29. 

DOWN. 

Corbet Beservoir. 

B ANN RES. COMPANY. 

W. Sjprott. 

IV. 

Mason Dublin ... 


3 3 

234 



575 

. Aug. 29 

DOWN, 

Bann Beservoir. 

J. SMYTH, JUN, ESQ., C.E. 
Mr. J. Burn, 

I. 

Anon 

, noon. 

0 2 

440 



576 

. Aug. 29 

DOWN. 

Bann Beservoir. 

BANN RES. COMPANY. 

Mr. J. Burn. 

IV. 

Mason, Dublin .. 


• 3 3 

443 




577 

. Aug 31 

DOWN. 

Waringstown. 

MAJOR WARING, 

Major Waring. 

X. 

Negretti &Zambri 

1 9 a.m. 

0 5 

190 

5 /i 

, Aug. 31 

DOWN. 

Waringstown. 

MAJOR WARING. 

Major Waring. 

I. 

Bryson 


• 0 3 

190 

1 

: 1 




“ 'd" 

^ « *-i a 

Equivalents of 
water. 

Error at 
scale-point 
specified in 
previous 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 

£j *73 g ^ 

.s" a II 

fi a 

Scale- 

point. 

Grains.* 

in. 

in. 


in. 


5*00 

*l 

5 CO 

— *001 


4-98 

*2 

980 

— *002 


5*03 

•3 

1490 

— *001 


498 

M 4*998 





11*20 

*05 

1260 

correct. 


I 1*30 

11*30 

11*28 

Ml I *270 





6*66 

2*5 - 2*3 

1870 

— *004 


6*68 

2*0 -1*75 

2210 

-f-*ooi 


6*72 

1*25— 1*0 

2320 

— *004 


6*66 

1*0 —0*5 

4520 

— *001 


M 6-68o 

0*5 —0*0 

4540 

— *001 


498 

*1 

500 

— ‘CO I 


5 '03 
498 

•194 

980 

broken. 

— *003 


5*03 

M <;*oo<; 




N. Acacia, 28 °. 

8*02 

•I 

1270 

correct. 

7*97 

*2 

2550 

— *COI 

10 . Laurel, 12 °. 

8*03 

*3 

3780 

-f-*002 

S.E. AsJi, WP. 

7*97 

*4 

5120 

— *004 

W. 'J'i’ces, under 20 ° 

M 7*998 

*5 

6350 

correct. 

N. Trees, 15 °. 

10x0 sq. 

*i 

2370 

4- *00 6 

IO*CO 

*2 

4870 

H-*oo6 


9*98 

*3 

7410 

4- *006 


10*00 

*4 

9940 

-4-’oo6 


M 9*995 

‘5 1 

12490 

+ *005 

S.E. Tree, 22 <^. 

io*iosq. 

•15 1 

30C0 

-f* 03 s 

10*16 

•27 1 

6000 

-f *040 


ic*i8 

*38 

9000 

+•043 


10*22 

•51 

12000 

4- -050 


Mio*i65 

•63 

15000 

+•055 

N.E.R.-gauge, 25 °. 

8*02 




8*00 

8*04 

8*03 

M 8*022 





lo*i2sq. 

•14 

3C00 

-f *024 


10*18 

•26 

6000 

+ •029 


1 0*1 1 

•38 

90C0 

+ *034 


10*16 

*48 

1 1710 

-f *030 


Mio*i42 

*58 

14710 

+ *015 

E. Trees, 25 °. 

8*00 

*i 

! 1270 

correct. 

7*98 

*2 

2480 

-f*co4 


8*00 

•3 

3740 

4- *005 


8*00 

•4 

5040 

-|-*002 


M 7*995 

*5 

6320 

-f *001 


3*00 

*27—2*01 

3000 

+ •05 


2*98 

2*01 — 3*76 

6000 

4-*o6 


3*00 

3*76-5*57 

90C0 

+*12 


3*00 

5 * 57 - 7*34 

12000 

H-*o8 


M 2*995 

7 * 34 - 9*>5 

15000 

+ *12 



Bemarks on position &c. 


i 

a e 


In a field east of the town ; very 
open position. 


On tlic lawn south-west of the Col- 
lege ; quite unsheltered. 


Gauge has a very much rounded 
rim ; position good. 


On a post on the east side of a 
hedge, and south of the w'orks. 


On Lwn witli many trees, but 
none rising to Inghcr angles 
than those noted. 


On post 5 ft. above top of roof of 
laboratory. 


On north bank of river Baun ; 
open position except as noted. 


Quito exposed, but gauge No. 576 
rather too near; rod correct, 
but inner cylinder slightly too 
large. 

Close to No. 575. 


On large lawn, very good position. 


Close to No. 577; gauge not in use. 


568. 


569, 


570 


571 


572 


573 - 


574 


575 


57 ^ 


577 


578. 
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8 ^ 

r‘ 

0 

*0’^ 

~T 

COUNTY. 

p 

0 . 

• jS 

0 tiD 

^ 5 



Height 
of gauge. 


S.B 

A S 

0 

OWNKR. 

Observer. 

jL, oi 

to ^ 

0 0 

Q 

Maker’s name. 

• 

a'l 

Above 

ground. 

Above 

sea- 

level. 

579- 

1874. 
Sopt. 2. 

DUBLIN. 

Fitzwilliam Square W., Dublin. 
DIL J. W. MOORE. 

Dr. J. W. Moore. 

III. 

Anon 

9 a.m. 

ft. in. 
3 6 

feet. 

54 

o 

oo 

LO 

Sopt. 2, 

WICKLOW 

lY 





Fassaroe, Bray. 

R. BARRINGTON, ESQ. 

R. Barrington, Esq. 




5 ° 


581. 

Sept. 2. 

DUBLIN. 

Fitzwilliam Square, Dublin. 

DR. J. W. MOORE. 

Dr. J. JV. Moore. 

XII. 

Casella 


0 10 

54 

582. 

Sept. 14. 

BEKKSIIIEE. 

Wantage. 

E. C. DA VF.r, ESQ. 

E. C. Davey, Esq. 

XI. 

Negrctti AZambra 


7 5 

280 

583. 

Sept. 14. 

BERKSHIRE. 

Long Wittenliam, Abingdon. 
REV.J. C. CLUTTERBUCK. 
Rev. J, C. Clutterhuck, 

III. 

Braham 


I 0 

170 

584, 

Sept. 14. 

BERKSHIRE. 

Ock Street, Abingdon. 

W. BELCHER, ESQ. 

JK Belcher, Esq. 

XI. 

Negrctti & Zambra 

9 a.m. 

I 0 

176 

585. 

Sept. 15. 

OXFORD. 

Magdalen Coll. Laboratory. 
MAGDALEN COLLEGE. 

J. Harris, Esq. 

XII. 

Casella 


0 8 

192 

586. 

Sept. 15. 

BUCKINGHAM. 
Addington Manor, Winslow. 

E. HUBBARD, ESQ., M.P. 

Mr. J. Mathison. 

XII. 

CaseUa 

9 a.m. 

0 9 

309 

587. 

Sept. 15. 

BUCKINGHAM. 
Addington Manor, Winslow. 

E. HUBBARD, ESQ., M.P. 

Mr. J. Mathison. 

X. 

Negrctti & Zambra 

9 a.m. 

0 9 

309 

588. 

, Sept. 15. 

BUCKINGHAM. 

Adstock Fields, Buckingham. 

E. HUBBARD, ESQ., M.P. 

Mr. W. Weston. 

XII. 

Casella 

9 a.m. 

0 6 

350 

589 

. Sept. 15. 

BUCKINGHAM. 

School Lane, Buckingham. 

MR. W. WALKER. 

Mr. W. Walker. 

X. 

Negrctti & Zambra 

9.30 

a.m. 

I 10 
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EXAMINATION OF 


Eeference 

number. 

d 

<C P5 

COUNTY. 

Station. 

c 

0 

6 

0 bo 

^3 3 

Maker’s name. 

*0 

0 .2 

Height 
of gauge. 

c3 ’3 

1 

S 

owm:ii. 

Obt'crver. 

h C3 
w tUD 

P ^ 

0 0 

Q 

.g’i 

<Q 

Above 

ground. 

Above 

sca- 

levcl. 

590. 

1874. 
Sept. 15. 

UITCKINGIIAM. 

XII. 

Casella 

8.30 

a.m. 

ft. in. 
I 6 

feet. 

318 

Castle Fields, Buckiiigliam. 

0 . VAliROTT, ESQ. 

Mr. J. Richards. 



591- 

Sept. : I. 

HAMPSHIRE. 

III. 

Cu sella 

9 a.m. 

I 3 

257 

Park Corner, Ilccklield. 

J. MARTINEAU, ESQ. 

J. Martincaii^ Esq. 



592. 

Sept. 30. 

KENT. 

Ciilverlands Grove, Tunbridge Wells. 
— MILLER, ESQ. 

Mr. Toumsmd. 

X. 

Negretti & Zambra 

9 a.m. 

0 2 

403 

593- 

Oct. 3. 

SUSSEX. 

X. 

Casella 

9 a.m. 


777 


Crowboro’ Pea con Observatory. 

C. L. PRINCE, ESQ. 

C. L. Prince, Esq. 



^ i 

594- 

Oct. 12. 

SUSSEX. 

XII. 

.Rowley 





Tlie Steync, Prigliton. 
BRIGHTON CORPORATION. 
Dr. Taafc. 






595* 

Oct. 13. 

SUSSEX. 

O’bo Uyke, Poyning. 
BRITISH ASSdCJA'riON. 

Mr. W. Tlmckcr. 

XII. 

Casella 

9 a.m. 

I 3 

690 

596. 

Oct. 20. 

ESSEX. 

XII. 

; Casell.'i 

9 a.m. 


163 


The Gardens, Audlcy End. 

MR J. BR YAN. 

Mr. J. Bryan. 



597. 

Oct. 20. 

^ ESSEX. 

Piverside, AiidleyEnd. 

MR. J. BRYAN. 

Mr. J. Bryan. 

XII. 

Casella 

9 a.m, 
ist. 

I 0 

! 

598- 

Oct. 21. 

LETC’ESTEESIIIEE. 

Town Mvigeiini, Leicester. 
LEICESTER CORPORA TION. 
W. J. Harrison, Esq. 

XII. 1 

1 

1 

Casella 

9 a.m. 

i I 0 

238 

599- 

Oct. 21. 

WAEWICK. 

XII. 

Casella 


^ 0 6 

461 


St. Mary’s College, Oscott. 

THE COLLEGE. 

Rev. S. W kitty. 


9 a.m. 

1 

600. 

Oct. 22. 

STAFFORD. 

XII. 

Casella 



647 



The ITeath House, Clieadle. 

J. C. PHILLIPS, ESQ. 

J, C. Phillips, Esq. 



9 a.m. 



llAIN-GAUGES 


Diameters 
, (that 

marked 
M=mean). 

Equiv 

w 

Scale- 

point. 

alents of 
a ter. 

Grains. 

Error at 
scale-point 
specified in 
prcviou.s 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gange. 

Remarks on position &c. 

Reference | 
number. j 

in. 

in. 


in. 




5*00 

•I 

500 

— *001 


Very good position in rear of 

590. 

5*00 

*2 

lOIO 

— *004 


house; grounds level. 


5*00 

•3 

1490 

correct. 




5-01 

*4 

2000 

— •003 




M 5*002 

•5 

2490 

— *002 




4’99 

*i 

500 

— '001 

S.S.W. Tree, 

In flower-garden ; cle;ir except as 

59*- 

5*00 

'2 

1000 

— *002 


noted. 


5*00 

•3 

1480 

+ *001 




5*00 


broken. 





M 4 998 







7*90 

*I 

1260 

— •00 1 

E. Trees, 27'^. 

On largo lawn sloping to S.W. 

591. 

798 

*2 

2530 

— *002 




7*97 

•3 

3760 

correct. 




7*94 

•4 

5040 

— *002 




M 7*948 

'5 

6290 

— *002 




8‘oo 

*i 

1300 

— *002 


In meteorological enclosure south 

593- 

8*00 

•2 

2530 

+*001 


of observatory ; very open po- 


7'99 

‘3 

3800 

correct. 


sition. 


8*00 

•4 

50x0 

+ •005 




M 7*998 

‘5 

6310 

+•003 




5*00 

*1 

490 

correct. 


Gauge tested before actual erec- 

594* 

4’95 

*2 

950 

+*006 


tion ; it was to be placed in a 


5*02 

'3 

1440 

+ *oo6 


place selected by mvself in the 


4*92 

*4 

1950 

+•003 


Steyno gardens with other me- 


M 4*973 

'5 

2450 ; 

correct. 


teorological apparatus. 


5*00 

*1 

49.? 

correct. 

N. Pushes, 20'’. 

In garden E. of house ; good po- 

595- 

4'99 

*2 

1000 

— *002 


sition. 


5'oi 

*3 

1480 

+ *002 




5*00 

•4 

2000 

— *003 




M 5*000 

'5 

2490 

— *C02 




5*00 

*1 

500 

— *001 

S.S.W. Apple, .33° 

In gardens near Mr. Pryan’s house; 

596. 

5 '02 

*2 

990 

correct. 


clear except as noted. 


4*98 

*3 

1480 

+ *001 




5'oo 

•4 

i960 

+ *005 




M 5'ooo 

*5 

2480 

correct. 




5'oo 

*1 

490 

+ •001 

. . 

Very exposed position on bank of 

597* 

5 '02 


970 

+ •004 


river. 


4-98 

‘3 

1450 

+ •007 




5*00 

*4 

1970 

+ *003 




M 5'ooo 

•5 

2450 

+ ’oo6 




5'oo 

*i 

495 

correct. 


Open garden in centre of town. 

598- 

5*00 

*2 

95^ 





5*00 

•3 

1470 

+ *003 




5*00 

’4 

1980 

+ *001 




M 5*000 

•5 

2470 

+ *002 




4*98 

•i 

490 

+ *OOI 


Clear iiosition, S.W. of the college. 

599* 

4*98 

*2 

980 

+ *002 




5*02 

•3 

i 1470 

+ *003 




5*00 

•4 

2000 

— •004 




M 4*995 







5*00 

*1 

498 

— •001 

S.E. Araucarin,30'" 

On sloping ground, W. of house. 

600. 

5*00 

*2 

975 

+ *003 

N.W. House, 28°. 



4'97 

*3 

1480 

+ *001 

1 



5*01 

1 *4 

*950 

+ •006 




M 4*995 

i *5 

2480 

— *001 
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EXAMINATION OE RAIN-GAUGES (continued). 


8 

Date of 
examination. 

COUNTY. 

Station. 

OWNER, 

Observer, 

Construction 
of gauge. 

Maker’s name. 


Height of 
gauge. 

li 

it 

Above 

ground. 

Above 

sea- 

level. 

6oi. 

i»74. 

Oct. 22. 

STAFFOED. 

XII. 

Casclla 

9 a.ra. 

ft. in. 
I 0 

feet. 

647 

The Heath House, Chcadle. 

J, C. PHILLIPS, ESQ, 

J. C, Phillips, Esq. 



602. 

603. 

Oct. 23. 

Oct. 28. 

STAFFOED. 

Upper Tean Vicarage, 

Stoke -iipon-Trent. 

REV. G. T. RYVES. 

Rev. G. T. Ryves. 
YOEKSHlilE. 

XI. 

XTI.* 

Negro tti AZambra 

Casella 

9 a.m. 

9 a.m. 

I 0 

470 

Hardrow Vicarage, Hawes. 
REV. F. W. STOW. 

Rev. B. Pink. 




604. 

Oct. 28. 

YOEKSHIEE. 

See 

Casella 




Lunds. 

REV. F. W. STOW. 

Rev. R. Pink. 

B.A.E. 
1807, 
p. 407. 





605. 

Oct, 28. 

YOEKSHTEE. 

XIL* 

Pastorelli 

9 a.m. 

I 0 

806 

Hawes Vicarage. 

REV. DR. PARKER. 

Rev. Dr. Parker. 


606. 

Oct. 30. 

LINCOLN. 

XII. 

1 Anon 

9 a.m. 


100 

Westgate, Louth. 

DR. RAWS SETT. 

Dr. Fawssctt. 


u 9 

607. 

Oct. 30. 

LINCOLN. 

III. 

Anon 


6 0 


Gospelgate, Louth. 

T. W. WALLIS, ESQ. 

T. W. Wallis, F^q. \ 
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608. 

Oct. 30. 

LINCOLN. 

III. 

Anon 


1 6 0 


Go.spelgate, Louth. 

T. W. WALLIS, ESQ. 

\ T. W. Wallis, Esq. 
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609. 

Oct. 31. 

LINCOLN. 

X. 

Anon 



380 

Calcethorpe Manor, Louth. 

D. G. BRIGGS, ESQ. 

D. G. Briggs, Esq. 


9 a.m. 


610. 

Oct. 31. 

LINCOLN. 

XII. 

Anon 



“J 80 

Calcethorpe Manor, Louth. 

D. G. BRIGGS, ESQ. 

D. G. Briggs, Esq. 


9 am 

1st. 


300 

6II. 

Nov. 21. 

MIDDLESEX. 

Colney-Hatch Lane, Muswell Hill. 

J. W. SCOTT, ESQ. 

J. W. Scott, Esq. 

XII. 

Casella 

9 a.m. 

0 8 

310 



Diameters 

(that 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point 
spec i fled in 
previous 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 

Bemarks on position &c. 

Eeference 

number. 

Scale- 

point. 

Grains. 


in. 

in. 


in. 





5*00 

*i 

498 

correct. 


Close to No. 600. 

601. 


5*00 

*2 

975 

-4- *003 





5-00 

•3 

1480 

-f *001 





5*00 

'4 

1950 

4- *006 





M 5*000 

•5 

2480 

correct. 





5'02 

•I 

470 

+ *006 

N. Vicarage, 31°. 

Clear, except as noted. 

602. 


5*02 

*2 

980 

-f *003 

W. Trees, 24^. 




5*01 

*3 

1480 

4**003 





5*00 

'4 

1950 

4“ *009 





M 5*012 

*5 

2450 

4''oo8 





5*00 

•I 

500 

— *001 

N. House, 51°. 

Too much sheltered by house, but 

603. 


5*02 

*2 

1000 

— *002 


no better position obtainable; 



4-98 

•3 

1480 

4**002 


quite clear in other directions. 



5-01 

•4 

1980 

-f *001 





M 5*002 

•5 

2480 

correct. 





3*02 

*2 

350 

4- *004 


Gauge tested, but station not 

604. 


3’oi 

•4 

710 

-f *003 


visited. 



3*00 

*6 

1070 

correct. 





3*00 

•8 

1420 

4"*oo8 





M 3*007 

ro 

1775 

4- *010 





5*03 




S. House, 3H. 

Good position ; the measuring- 

605. 


5'o6 





glass was very faulty, and a 



5*03 





now correct one was supplied. 



5'o5 








M 5*042 








5*00 

*i 

480 

4- *003 

W. Tree, 35°. 

Good position on lawn ; clear ex- 

606. 


5*00 

*2 

990 

4* *001 


cept as noted. 



5*01 

*3 

1 500 

-£'•002 





5*02 

*4 

1980 

4-*002 





tv 

0 

0 

Ir 

‘5 

2470 

4- *003 





3*05 

I *22 

400 

-h*ooi 


Very confined garden in centre of 

0 

VO 


3*00 

•53 

1000 

-•017 


town. 



3*05 








3*05 








M 








5*04 

*1 

1 500 

correct. 

W. Houses, 39°. 

Close to No. 607. 

608. 


5*01 

*2 

1000 

correct. 

15. „ 28°. 




5*02 

•3 

1500 

correct. 

N.E. „ 43°. 




5*02 

*4 

2000 

correct. 





M 5*022 

•5 

2500 

correct. 





r9i 

*1 

1250 

4* *00 1 


Very open position on large lawn. 

609. 


7-98 

*2 

^55° 

— *002 





8*00 

•3 

38 10 

— •001 





8*00 

*4 

5060 

correct. 





M 7*988 

'5 

6290 

i +*003 





5*01 

*1 

490 

4*002 

E. Tree, 10°. 

Close to No. 609. 

610. 


5*03 

*2 

980 

-f *004 





5*02 

•3 

1490 

4**002 





5-°3 

*4 

1990 

4**002 





M 5*022 

•5 

2490 

4-*002 





5*00 

*1 

500 

•—*001 

S. Apple, 20°. 

In kitchen-garden ; good position. 

611. 


5*00 

*2 

1000 

— *002 

E.N.E. Pear, 30°. 




5*00 

*3 

1490 

— *003 

N.N.W. Plum, 20° 




5*00 

•4 

2000 

— *003 

S.W. Oak, 20°. 




M 5*000 

•5 

2470 

4- *002 





• This mark denotes that the gauge has a deep Snowdonian rim. 
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EXAMINATION OF 



Bate of 
examination. 

COUNTY. 

Station. 


Maker’s name. 

0 ^ 

Height 
of gauge. 

<1 i 

OWNER. 

Observer. 

M So 

p «♦- 

s ® 

S ^ 

■h 

Above 

ground. 

Above 

sea- 

level. 

6i2. 

1X74. 
Dec. 17. 

WILTSHIRE. 
Marlborough College. 

REV. r. A. PRESTON. 

Rev. T. A. Preston. 

X, 

Negretti&Zanibra 

9 a.m. 

ft. in. 
0 8 

feet. 

456 

613. 

Bcc. 17. 

WILTSHIRE. 

XII. 

Casolla 


l 0 

456 

Marlborough College. 

REV. T. A. PRESTON. 

Rev. T. A. Preston. 



614. 

Bee. 17. 

WILTSHIRE. 

III. 

Ladd 

9 a.m. 

* 3 

456 

Marlborough College. 

REV. T. A. PRESTON. 

Rev. T. A. Preston. 



615. 

Boc. 19. 

CARMARTHEN. 

Asylum, Carmarthen. 

G. J. HEARRER, ESQ.. M.D. 

G. J. Ilearder, Esq., M.D. 

X. 

Negro (ti & Zarnbra 

9 a.m. 

0 6 

180 

616. 

Bee. 19. 

CARMARTHEN. 

Goal, Carmarthen. 

MR. G. STEPHENS. 

Mr. G. StepJums. 

X. 

Ncgretti & Zarnbra 

9 a.m. 

0 6 

92 

617. 

Bee. 21. 

GLAMORGAN. 

XII. 

Casolla 



100 

Tynant, Radyr. 

F. G. EVANS, ESQ. 

E. G.\Eva7is, Esq. 


9 a.m. 


618. 

Bee. 21. 

GLAMORGAN. 

XII. 

Casella ............ 

9 a.m. 

I 0 


619. 

1S75. 
June 14. 

Crockherbtown, Cardiff. 

W. ADAMS, ESQ., C.E. 

W. Adams, Esq., C.E. 

HERTFORB. 

XII. 

Anns 


I 3 

3 J 

238 

- Tyler Street, Hitchin. 

W. LUCAS, ESQ. 

Mr. W. Anderson. 


9 a.m. 

620. 

July 28. 

BEBFORB. 

XII. 

Casella 




Oaklands, Aspley Guise. 

E. E. DYMONb, ESQ. 

E. E. Dymond, Esq. 


9 a.m. 
ist. 


433 

621. 

OQ 

BEBFORB. 

XII. 

Casella 

0 “JO 

I 3 

433 


Oaklands, Aspley Guise. 

E. E. DYMOND, ESQ. 

E. E. Dymond, Esq. 


y. jvj 

a.m. 

622. 

Aug. 12. 

CARBIGAN. 

XL 

Negrctti & Zarnbra 


I 

80 


Gogerddan, Aberystwith. 

SIR PRYSE PRYSE, BART. 
Sir Pryse Prysc, Bart, 




llAIN-GAUGES {continued). 



Biameters 

(that 

marked 

M=niean). 

Equivalents of 
water. 

Error at 
scale-point 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 

Remarks on position &c. 

Reference 

number. 

Scale- 

point. 

Grainsf 

specified in 
previous 
column. 


in. 

in. 


in. 





8*00 

•I 

1280 

—•001 

N.W.&N.E.Chapel,39° 

On grass in college grounds, S. of 

612. 


7*99 

•2 

2560 

—•*002 

S. Mound, 18°. 

chapel. 



8*01 

*3 

3820 

— *001 





8*00 

‘4 

5050 

4- *002 





M 8*000 

•5 

6320 

+ *002 





4*99 

•I 

500 

— *001 


Close to No. 612. 

613 ! 


5*00 

*2 

990 

correct. 





5*00 

*3 

1490 

— •001 





5*00 

*4 

i960 

-foo4 





M 4*998 

*5 

2450 

-|-*oo6 





5*00 

*i 

485 

4**002 

N.W.-N.E.Chapel,35° 

Near No. 612, but rather further 

614. 


5*02 

*2 

980 

4- *002 


from the chapel, 1 



4*99 

1 *3 ! 

1490 j 

correct. 





5*00 

‘4 i 

1975 

■f *002 





M 5*002 

■5 

2470 

-f-*002 





7-98 

•I 

1260 

correct. 


Go(xl gauge in very excellent po- 

615. 


8*02 

*2 

2550 

— *001 


sition. 



7-84 

•3 

3790 

4**001 





8*12 

•4 

5040 

-f *002 





M 7*990 

•5 

6350 

— *001 





8*00 




S.W. Trees, 27^ 

On a large round tower, the centre 

616. 


7*94 

•2 

2590 

1 

0* 

0 

L/l 


of which is occupied by a garden. 



7*96 





Ihisition unusual, but, I think, 



8*02 


• 



unobjectionable. 



M 7*980 

*5 

6350 

— •003 





4*98 

•I 

495 

correct. 

N.N.W. Laburn., 65°. 

Best position available. The la- 

617. 


501 

•2 

1000 

— *002 

N.W.-N.E.Housc,40° 

burnum w’ill be cut back ; and 



5*00 

'3 

1490 

— *001 


the observer states that rain 



5*00 

*4 

2000 

— *004 


usually falls very nearly verti- 



M 4*998 

•5 

2490 

— *003 


cally at Tynant. 



4*97 

•I 

500 

— *001 

S.W. Tree, 65°. 

No better position to be had. Ob- 

618. 


5*03 

•2 

990 

correct. 

S.E. „ 50°. 

server did not like to cut tree. 



498 

•3 

1480 

4-*ooi 

N.E. Wall, 35°. 




4*99 

•4 

1980 

correct. 





M 4*993 

*5 

2490 

— ‘004 





5*00 

•I 

500 

correct. 

W. Elm, 33°. 

In garden, quite open. 

619. 


5*01 

•2 

995 

correct. 





5*03 

•3 

1500 

— *001 





5*01 

*4 

2000 

— *001 





M 5*012 

•5 

2500 

—*002 





4*98 

*1 

490 

4- *00 1 

N. House, 20°. 

On lawn, south of house. 

620. 


5*02 

'2 4 t 

990 

correct. 





5*00 

*3 

1480 

4- *00 1 





5*00 

*4 

1970 

4- *003 





M 5*000 

•5 

2470 

-f-'ooz 





5 02 

*i 

490 

4-*OOI 

N. House, 26°. 

12 ft. N, of No. 620. 

621. 


498 

•2 

990 

correct. 





499 

*3 

14S0 

4-*ooi 





5*00 

*4 

1970 

-f *002 





M 4*993 

•5 

2470 

-f ‘OOI 





5-03 

*1 

500 

— •00 1 

W.S.W. House, 3° 

On largo lawn in broad valley run- 

622. 


5*00 

'2 

1010 

— *003 


ning E.-W. ; quite unsheltered. 



5*00 

•3 

1480 

4- *002 





5*00 

*4 

1980 

4* *002 





M 5*007 

*5 

2470 

+•003 
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Ill 


EXAMINATION OP 


!■ 

li 

I'l 

■S-3 

COUNTY. 

Station. 

\ 

Construction! 
of gauge. 1 

Maker’s name. 

• 

^ kV 

tM 

Height 
of gauge. 

— 


fi a 

” a 

0 WJSER, 

Observer. 


Abovi 

gpounc 

Above 
[ sea- 
level. 


623 

1S75. 

• Aug. 12 

CARDIGAN. 

Great Dark Street, Aberystwith, 
MOllEW JONES, ESQ. 
Morris Jones, Esq. 

XII.^ 

Casella 


ft. in 
I 6 

feet. 

46 








624 

Aug. 14 

Merioneth. 

Britlidir, Dolecllv. 
EKITISII association. 

J. H. Bill, Esq.\ 

III. 

Casclla 

9 a.iii. 

I 0 

465 


625. 

Aug. 14. 

MERIONETH. 

Hritbdir, Dolgelly (Field). 

J. u. iull/esq, ^ 

J. H. mu, Esq. 

XII. 

Casella 













626. 

Aug. 14. 

MERIONETH. 

National School, Dolffolly. 
MAJOR MATTHEW.' 

Mr. Or7i WilUains, 

III. 

Ca.sclla 

9 .i.m. 

I 0 

43 


627. 

Aug. 16. 

MONTGOMERY. 

Plas, Machynlleth. 

MR. J. JOH'NSTONE. 

Mr, J, Johnstone, 

XII. 

■Apps 


I 0 









47 


628. 

Aug, 16. 

MONTGOMERY. 

Llanwriii, Machynlleth. 

REV, J). EVANS. 

Rev. 1). Evans. 

III. , 

Casclla 


I 0 

C*7 








57 


629. 

Aug, 16. 

MERIONETH. 

V. . 

Anon 


I 6 

y T 




PeniartJi. 

W, W.E. WYNNE, ESQ. 

The Gardener, 

1 




i I 



RAIN-GAUGES (jmttinmd). 


Diameters 

(that 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point 
specified in 
previous 
column. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gaugo. 

Is t: 

^ , .... \SM 

Bcale- 

poiut. 

Grains. 

JxemarKs on position <x,c. 

•a I 

' 

in. 

in. 


in. 




7-98 


1280 

— *001 

W. House, 30^. 

Very bad position ; to bo removed 

623. 

8*03 




N.W. „ 42®. 

to an open part of the castle 


7*98 

•3 

379<3 

4“ '002 

N. „ 30®. 

grounds. 


8'02 




S. „ 35®. 



H 8’oo2 

•5 

6350 

correct. 




5*00 

*I 

490 

-|-*OOI 


Clear open position in garden. 

624. 

4'99 

*2 

980 

+ •002 




5-01 

*3 

1470 

+ •003 




5*00 

*4 

1980 

+ *001 




M 5*000 

*5 

2470 

+ *002 




5*00 

*1 

490 

+ *001 


This gauge was not in use. I ad- 

625. 

5*01 

*2 

980 

+ ‘002 


vised its erection in an adjacent 


5*00 

‘3 

1470 

+ '004 


field, rather higher than No. 


Tvr 5'°' 

*4 

19S0 

+ *OOI 


624. 


M 5*000 

•5 

2470 

+ •002 




5*00 

'I 

500 

— •001 


Good position in private garden 

626. 

5*00 

•2 

980 

+ •002 

1 

of school. 


5*00 

’3 

1480 

+ *001 

j 




•4 

1980 

correct. 




M 4*998 

•5 

2470 

+ •001 




5*00 

*1 

510 

— '002 


Ill kitchen gardens, S. of the town 

627. 

5*03 

*2 

1020 

— •C05 


and unsheltered. 


5*01 

•3 

1500 

— •001 





•4 

2010 

— •003 




M 5*012 

•5 

2500 

— *002 




4*98 

•I 

500 

— *001 


Gauge not in use, but site chosen, 

628. 

5*02 

*2 

990 

correct. 


and its erection promised. Quite 

1 

5*00 

•3 

1490 

— *001 


clear. 


5*00 

'4 

1980 

-p’OOI 




M 5*000 

*5 

2480 

correct. 




5*04 1 

*1 

53^* 

— •006 


In gardens, rather too near green- 

629. 

4*98 i 

'2 

1030 

— •006 


house ; recommended its removal^ 


5*o6 

*3 

1510 

-•003 


to an unsheltered site. 



'4 

2000 

“•001 



1 

HA- 

M 5*015 

•5 

2530 

— *007 
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Report of the Committeey consisting of Dr. H. E. Armstrong and 
Dr. T. E. Thorpe, appointed for the purpose of investigating Iso- 
meric Cresols and their Derivatives. Drawn up by Dr. Armstrong. 


Since the last Meeting of the Association a number of derivatives of para- 
cresol have been examined, and some attention has been given to the isomeric 
cresols ; but the investigation has meanwhile assumed a much wider aspect 
than originally intended, having become a study of the “ law of substitution 
in the phenol series, for reasons which may be briefly stated as follows. 

The examination of the derivatives of phenol, OH, carried on during 
the past four years by various chemists, has shown conclusively that substi- 
tution takes place in that compound in a very definite and simple manner. 
Kekule’s theory, it is well known, admits of the existence of three isomeric 
mono-derivatives of phenol ; and it has been found that the action of all 
reagents which lead to the production of substitution derivatives always gives 
rise to the simultaneous production of two of the three, the so-called oriho- 
and pam-dcrivative. The third isomeric (so-callcd meta-) mono-derivative 
is seldom formed in any quantity, if at all ; thus there is no evidence to show 
that it is produced in the case of the action of nitric or sulphuric acid, and it 
is formed only in very small quantity by the action of chlorine and bromine ; 
the action of iodine, however, appears to give rise to a somewhat larger amount 
of the meta-derivative. The further action of reagents on the ortho- and 
para-mono-derivatives leads ultimately to the production of ^ri-derivatives, 
and under ordinary conditions there Is no tendency to the formation of liigher 
substituted derivatives. In all the di- and tri-derivatives thus directly formed 
from phenol, it is found that the ortho- and para-positions alone are occupied ; 
so that employing the usual hexagonal symbol to represent phenol, what, 
in the absence of a better expression, may be termed the direction in which 
substitution is effected in phenol may be graphically rejwesented, somewhat 
in the manner suggested by Huebner, by lines drawn within the hexagon, 
thus : — 


(Ortho-position) 


(Meta-position) 


OH 



(Para-position) 


(Ortho-position) 


(Meta-position) 


It is evidently a problem of considerable importance to determine whether 
this very simple law of substitution obtains in the case of the homologues 
of phenol ; and our experiments have all been instituted in the hope of con- 
tributing to its speedy solution. The behaviour of paracresol and of thymol 
has, to a certain extent, already been studied, and experiments with the 
isomeric cresols, ethylphenol, xylenol, and carvacrol are in progress. 

Paracresol derivatives. — Paracresol, Cg (CH^) OH, being formed from 
phenol by the displacement of the atom of hydrogen in the ^am-positioii by 
methyl, it should yield eZi- derivatives only if the “ law ’’ above discussed is 
capable of application, and would accordingly bo represented by the symbol : — 
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OH OH 



Phenol. Paracresol. 


So far as the action of nitric acid is concerned, it may be said that such is 
really the case ; but the behaviour with bromine does not appear to be in har- 
mony with the law.” Thus paracresol is readily converted into nitropara- 
cresol ; and this compound evidently has the nitro-group in the ortho-position, 
since it is identical with the orthonitroparacresol recently obtained by 
Wagner from orthonitroparatoluidin. By the further action of nitric acid, 
orthonitroparacresol is converted into a dinitroparacresol, which, there is 
every reason to believe, has both nitro-groups in the ortho-positions ; it is 
not possible, however, to introduce a greater number of nitro-groups into 
paracresol. Similarly, by the action of bromine and iodine on orthonitro- 
paracresol, monohromo- and inomofZo-nitroparacresol only can be obtained. The 
behaviour of paracresol with bromine has not yet been examined; but the action 
of bromine on potassium paracresolorthosulphonate, H3 (CHg) OH SO3 K, has 
been studied. From this compound, in the first instance, the corresponding 
bromoparacresolorthosulphonate, 0 ^ Hg Br (CH^) OH S03K,i8 produced ; but on 
further treatment with bromine this is converted into ^ribromoparacresol, and 
hitherto no intermediate product has been detected. The tribromoparacresol 
thus formed has not yet been sufficiently examined to enable an opinion as to 
its nature to be pronounced ; it is a remarkably unstable compound, being de- 
composed and deprived of a portion of its bromine by mere dissolution in alco- 
hol. This behaviour is certainly remarkable, and may serve on investigation 
to throw light on the formation of a tri-derivative from paracresol, which at 
present we are inclined to regard as abnormal. Potassium bromoparacresol- 
orthosulphonate is readily converted by the action of nitric acid into a bromo- 
nitrocresol identical with that obtained by treating orthonitroparacresol with 
bromine. 

Thymol derivatives . — Thymol being formed from phenol by the displace- 
ment of an atom of hydrogen in the ortho-position by the group propyl, and 
a second atom in the meta-position by the group methyl, it should ‘‘ theore- 
tically ’’ furnish only c?i-derivatives, thus : — 



OH 


HC 




X 



Thymol. 


C(C3Eir) 

1 

CH 


1875. 


I 
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The behaviour with bromiae is in accordance with this view, inasmuch as 
we find that thymolparasulphonic acid (formed by treating thymol with 
SO3IICI) is converted by the action of bromine into bromothymolparasulphonio 
acid, which, on further treatment with bromine, is entirely transformed into 
dibromothymol. It must not be forgotten, however, that Lallemand has pre- 
pared such compounds as trichlorothymol and trinitrothymol ; and those 
bodies certainly deserve reinvestigation. 

Since meta-derivatives are under certain circumstances produced directly 
from phenol, it is obvious that the “ law ” under discussion is not an absolute 
but merely an approximate expression of experimental observations, the ap- 
proximation to truth being, however, very close ; and the results thus far 
obtained appear to indicate that in this sense the “ law is equally applicable 
to the homologues of phenol. 


First Report of the Committee for investigating the circulation of the 
Underground Waters in the New Red Sandstone and Permian Forma- 
tions of England j and the quantity and character of the water 
supplied to various towns and districts from these formations. The 
Committee consisting of Professor Hull, Mr. E. W. Binney, Mr. 
F. J. Bramwell, Rev. H. W. Crosskey, Professor Green, Profes- 
sor Harkness, Mr. Howell, Mr. W. Molyneux, Mr. C. Moore, 
Mr. G. H. Morton, Mr. R. W. Mylne, Mr. Pengelly, Professor 
pRESTWicH, Mr. J. Plant, Mr. J. Mellard Reade, Rev. W. S. 
Symonds, Mr. Tylden Wright, Mr. Whitaker, and Mr. C. E. 
DeRance [Reporter). 

Your Committee, endeavouring to carry out the investigation with which 
you have entrusted them, have si>ecially directed their inquiries to obtain- 
ing information as to the thickness, character, sequence, and water- 
bearing properties of the New Red Sandstone and Permian formations, and 
to the nature and chemical composition of the waters derived from these 
rocks. As special knowledge and local influence are required in each 
particular area, your Reporter obtained the consent of the following mem- 
bers of your Committee to undertake the charge of districts : — 

In the north-west of England Prof. Harkness, F.R.S., Messrs. Binney, 
F.R.S., Morton, Mellard Reade, and your Reporter. 

In the north-east, Prof. Green and Messrs. Howell and Fox Strang- 
ways. 

In the Midland counties, Messrs. J. Plant, Molyneux, Tylden Wright, and 
the Rev. H. W. Crosskey. 

In the south-west of England, Messrs. Pengelly, E.R.S., C. Moore, and the 
Rev. W. S. Symonds. 

Through the courtesy of Professor Ramsay, LL.D., E.R.S., Director- 
General of the Geological Survey of the United Kingdom, and Mr. Bristow, 
F.R.S., the Director of the English branch, instructions have been given to 
the officers of the Survey to give your Committee any information or sections 
they may require. The sections thus obtained from Mr. Clifton Ward are 
incorporated in the present Report; a large number of others have been 
promised in the H.E. of England. 
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The following circular form of inquiry was drawn up and approved by the 
whole of your Committee, and nearly a thousand copies have been distributed 
by them. But your Committee regret to report that, owing to the action of 
certain Corporations and Companies seeking additional Parliamentary powers, 
information has been withheld from the Committee, as well as by individuals 
and firms ; but your Committee venture to hope that, in the event of their 
being reappointed, these difiiculties may be overcome, and that much addi- 
tional promised information relating to areas at present reported on will be 
received. 

Name of Member of Committee ashing for information 

Name of Individual or Company applied to 


1. Positmi of well or wells with which you are acquainted. 

22. Approximate height of the same above the mean soa-level. 

3* Depth from surface to bottom of shaft of well, with 
diameter. Depth from surface to bottom of bore-hole, 
with diameter. 

} 

A* Height at which water stands before and after pumping. 
Number of hours elapsing before ordinary level is restored 
after pumping. 

► 

5. Quantity capable of being pumped in gallons per day. 

Does the water-level vary at different seasons of the year? 
and how? Has it diminished during the last 10 years? 

1 

7# Is the ordinary water-level ever affected by local rains ? and 
if so, in how short a time ? And bow does it stand in 
regard to the level of the water in the neighbouring 
streams or sea ? 

1 

8* Analysis of the water, if any. Does the water possess 
any marked peculiarity ? 

i 

9. Nature of the rock passed through, including cover of] 
drift, with thichnesses. J 

i 

10« Does the cover of drift over the rock contain surface- ] 
springs ? J 


11. If so, are they entirely kept out of the well ? 

122. Are any large faidts known to exist close to the well ? 

13* Were any salt springs or brine-wells passed through in ) 
making the well ? J 


Are there any salt springs in the neighbourhood ? 

15« Have any wells or borings been discontinued in your' 
neighbourhood, in consequence of the water being more 
or less brackish? If so, if possible, please give section in 
reply to query No 9. 



i2 
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The following form has been circulated amongst scientific and practical 
men, to obtain information as to the position of wells and borings. 

BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 

UNDERGROUKI) WATER COMMITTEE . 

Scientific Club, 7 Savile Row, 

London, W. 

187 

** Dear Sir, — As it is of great importance to obtain, as far as possible, all 
the information in reference to wells, borings, and waterworks in, or 
obtaining their water supplies from, the New Red Sandstone and Permian 
formations of England, I write to ask j^ou to kindly fill in this sheet with 
the names and addresses of Individuals, Firms, or Companies likely to afford 
information, mentioning, under the name, the well or waterworks with 
which they are connected, and return it to me. 

“ Should you have yourself sent the circular form of inquiry to any of the 
names in your list, please put ^ S ^ against them in the sent column^ and ^ R ’ 
in the returned column to those who have sent you back the form filled up. 

“ I am, dear Sir, 

“ Yours faithfully, 

“ Charles E. De Range, F.G.S., 
Secretary of the Committee,'^ 
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in the Greensand area of the Haldons, runs through the Combe valley above 
Teignmouth, a large part of the water being received in a small reservoir for 
the supply of that town ; the remaining portion of the water left in the 
stream, after flowing down the natural channel, is conveyed in a culvert 
through the grounds of Myln Villa, after which it flows to the river Teign. 
During the severe drought of 1870 nearly the entire supply of this stream 
was taken by the reservoir, and only twenty gallons of water per minute 
entered the high end of the culvert at Myln Villa ; but notwithstanding that, 
no less than flfty gallons per minute were discharged. Wells were sank to 
secure more of this excess supply, which was found. 

Tiverton . — At Tiverton Mr. H. B. Gill informs Mr. Pengelly that the 
surface of the water in the wells at the Parish Church and of Bt. Peter Street 
is 10 feet below the level of the ground, while at the other end of the street, 
which is at a slightly lower level, the water has to be pumped up 35 to 40 
feet, and of much harder quality than that derived from the shallow wells, 
which are, however, affected by heavy rains, during which the deeper well- 
water remains clear and sparkling, especially in a well near the Town Hal), 
about 270 feet above the sea. 

Dawlish. — Dr. Baker informs Mr. Pengelly that the springs are believed 
to trend with the valley N.Js’.W. and S.S.E. ; breaking at right angles to this 
line, the wells have to be sunk to a level a little below that of the sea. 

A well at Captain Lampen’s on the North Hill, 171 feet above the sea- 
level, was sunk 175 feet through sandstone, gravel, and sand rock, of which 
100 feet had to bo penetrated before water w^as found. 

In a well (Mr. Turner’s) 50 feet lower down the hill, 73 feet deep, the 
water suddenly disappeared in March 1875 ; but some water was reached on 
sinking an additional 5 feet. 

In Mr. Marshall’s well, recently sunk close to the edge of the cliff, on the 
opposite side of the valley, at a height of 70 feet above the sea-level, water 
was reached at 75 feet, beneath a hard pan of red sandstone ; when pumped 
dry, five minutes’ rest yields sufficient for thirty minutes more pumping. 

At Oaklands, on the S.W. hill, a well is now being sunk at an elevation of 
200 feet ; a surface-spring was met with at 42 feet, which has been cut off, 
and the well is now in hard conglomerate at 65 feet. 

Near the Station, Hatchers Hotel, and along the railway, an abundant 
supply of surface-water is found in the gravel at a depth or 14 feet, which 
supply appears to be pounded back by the sea ; these surface-springs vary much 
in quantity, and are lowest in July. The wells are bricked, and 3 feet 9 inches 
diameter. 

Bramford Spehe. — Mr. Gamlen, of Bramford Speke, near Exeter, informs 
Mr. Pengelly that there are 16 wells in that village, of which 14 are from 
45 to 52 feet in depth ; the top water of one of these is maintained to a level 
only 14 feet below the surface of the ground, rising to within 6 feet 
in winter. The wells are in fine orange-coloured sandstone, overlaid by clean 
gravel ; the bottoms of the wells are below the level of the Exe, but the water 
is derived from the high ground to the west. 

Somersetshire. 

At Tavnton Mr. Moore reports the deeper wells 75 feet in depth, situated 
100 feet above the sea ; Dr. Alford states these are with difficulty pumped dry ; 
the water is derived from the New lied Sandstone, and contains 6 grains per 
gallon of sulphate and carbonate of lime. 
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Wells at Wdlington and Somerton yield constant supplies of hard water, 
unaffected by local rain. 

At Wemhdon^ 60 feet above the sea, a well in the Eed Sandstone, 30 feet 
deep, yields a plentiful supply of water, which is also the case at Wells, a well 
33 feet deep, at a point 70 feet above the sea. 

Leicestershire. 

The deep wells of Leicester reach a maximum depth of 90 feet, and derive 
their water-supply from the Upper Keuper iSandstone, which dips S.E. at a 
low angle from the outcrop, or Davies Hill, towards the town and river, which 
Mr. Plant considers must drain off a large portion of the supply held by the 
sandstone, which consists of from 20 to 50 feet of sandstone, ‘‘separated by 
beds of stiff red clay varying in thickness from a few inches to six fect.’^ The 
water in these wells is free from organic imparity ; permanent water-level is 
about the mean height of the water in the river. These wells are tubbed 
or bricked to keep out surface-springs in the Drift ; and one is reported capable 
of yielding 250,000 to 300,000 gallons a day ; another, emptied in 10 hours, 
was restored to its normal level during the night. 

Mr. Plant reports that a number of shallow wells in the town are being 
gradually closed by the authorities, being under 30 feet in depth, and their 
supply derived from drift deposits more or less charged with organic im- 
purity. 

Mr. Plant states the supply from the New lied Sandstone to be very con- 
stant, though limited in quantity, from the smallness of the collecting-area at 
Davies Hill, The present supply given to the town is from “ streams flowing 
from the Hills of Charnwood Forest, stored in two large reservoirs at Thornton 
and Cropston.’’ 

Mr. Plant sums up the result obtained by him in Leicestershire by stating 
that the supply of water from fhe Upper Keuper Sandstone (nowhere more 
than 50 or 60 feet thick) is small but 2 )ermanent. All the deep wells of the 
town of Leicester being supplied from this source, the water is pure but hard 
from sulphate and carbonate of lime. 

In both the eastern and western districts of the county the supply is from 
the Lower Keuper Sandstone, which is in some places probably 600 feet in 
thickness. The water is pure but not free from hardness, but the supply is 
abundant and permanent. 

Where the Bunter and Permian beds are penetrated, the supply of water 
appears to be enormous and entirely unaffected by dry seasons ; it is pure and 
perfectly soft. 

These results may be tabulated thus : — 

Formation. Supply. Hardness. 

1. Upper Keuper Sandstone. Not abundant. Sulph. and carb. of lime. 

2. Lower „ „ Abundant. Not so hard as 1. 

3. Bunter beds. More abundant. Nearly soft. 

4. Permian beds. Most abundant. Soft. 

The Staffordshire returns not being complete, Mr.Molyneux defers sending 
them until next year ; but as previous to this inquiry he had published much 
information regarding the water-supply of Burton-on- Trent, your Eeporter 
has thought it well to briefly allude to his results. 

The large humber of journals of borings placed at Mr. Molyneux’s disposal 
by Messrs. Allsopp and Sons and Messrs. Salt and Co. have enabled him to 
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establisli the following sequences of deposits in the valley of the Trent, near 
Burton, in descending order : — 

1. Old alluvial deposits. 

2. Valley-sands and gravels. 

3. Terrace-gravels. 

4. Stratified sands, gravels, and 

peat of fiuviatile origin. 

I 5. Drift sands and gravel. 

6. Boulder-clay. 

7. Bhsetic beds. 

8. Keiiper Marls 

9. Kouper Sandstone 

10. Bunter Conglomerate 

11. Coal-measures, 

All the Burton wells previous to 1856 were sunk in the valley-gravels, 
and were not more than 20 feet deep ; in that year Messrs. Ind, Coope, and Co. 
sank a well 24 feet in depth m Station Street ; and since then all the old brewery 
wells ha^e been deepened, and are now carried down to the underlying Keuper 
beds. 

To obtain a supplementary supply to that afforded by the gravels and the 
top of the Keuper deposits, Messrs. Bass and Co. bored through 194 feet of 
gypsum marls with bands of hard sandstone ; but it only produced one gallon 
of water per hour. 

In 1867-68 Messrs. Allsopp and Sons sank 28 feet through gravel and 
bored 102 feet, with a similar unsuccess. The various borings carried out by 
these firms and Messrs. Salt and Co. prove the existence of two faults in the 
very centre of the valley, bringing up the Keuper Sandstone, with a vertical 
downthrow towards the river of no less than 1100 feet, the whole of which 
enormous mass of strata has been denuded away. 

Mr. Molyneux gives the three following analyses — (1) of water from an arte- 
sian boring in Keuper marls 70 feet in depth, (2) of water from a well 30 feet 
deep in valley-gravels, on the east side of High Street, in the time of the 
old breweries, and (3) of a well on the west side of that street. 


In the bottom of the valley. 

On the slope of the valley. 

On the top of the hills. 

1000 feet thick. 

250 „ 

300 „ 



No. 1. 

No. 2. 

No. 3, 

Sulphate of lime 

Grams in an 
imperial gallon. 
70 994 

Grains per 
gallon. 

2.0 480 

Grains per 
gallon. 

7 050 

Carbonate of lime 

9 046 

18 060 

15 520 

Carbonate of magnesia . . 

.b'SSO 

9100 

2)28 

Sulphate of magnesia 

12 (UK) 

(){K)0 

0 000 

Sulphat e of soda 

13*300 

7 m 

3689 

Chloride of sodium 

9173 

10-010 

6 630 

Chloride of potassium.. . . 

•900 

2-275 

13447 

Chloride of magnesium . . 

•000 

0 0(M) 

73.50 

Carbonate of magnesium.. 
Protoxide of iron 

1218 

900 

Trace 

Carbonate of manganese ... 



Trace 

Nitric acid (as lime-salt).. 



Trace 

Silica 

1-1*20 

•840 

1 904 

Total solid residue.s .. 

124297 

74-295 

57-730 
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With the exception of the wells in the Keuper Marls at Horningtony all 
the borings prove these marls to be non- water bearing at Burton, the water 
found coming from the sands beneath them, Mr. Molyneux is therefore of 
opinion that the large amount of calcareous ingredients found in the artesian 
wells is derived from the vast area of Keuper Marls with gypseous aggrega- 
tions occurring in the old area of Keedwood Eorest, to the west of the valley, 
the gypsum-charged water flowing along lines of natural underground 
drainage in a north-easterly direction, until its progress is checked by the 
great north and south Trent-valley fault, and a portion of the water forced 
up into the overlying gravels, where it becomes mixed with the ordinary sur- 
face-water of the valley, which it charges with the calcareous elements which 
give it the materials necessary to the production of Burton beer. 

Mr. J. P. Griess, F.E.S., informs Mr. Molyneux that the gypsum derived from 
the water used in brewing 1000 barrels of ale would be 250 pounds ; so that, 
assuming Burton produces annually 1,400,000 barrels of ale, no less than 
350,000 pounds of this mineral will be drank with the beer in the various 
parts of the world. Of the water derived from the Burton valley -gravels, and 
used in various operations of brewing, probably not less than 1,050,000 pounds 
of gypsum will be disposed of, which Mr. Molyneux considers will not re- 
present one tenth of the actual amount of gypsum being annually carried to 
the sea. And it is believed that many local subsidences which have taken 
place in various parts of Need wood Forest are due to the fracture and sink- 
ing of gypsum- beds corroded by underground streams. 

The water recently obtained by several of the large brewing firms from 
the Keuper Sandstone and Bunter beds rose 23 feet above the level of the 
valley, proving the great height of the sources of supply. These waters were 
softer than those from the marls or from the valley-gravels, the proportion 
of sulphate of hme being much less. 

Lancashire. 

At Manchester Mr. Binncy has experienced great difficulty in obtaining 
returns ; in fact out of twenty sent out only three have been returned. 

In one of these a well and boring at Ayecroft, 433 feet in depth, is stated 
to produce about 180,000 to 200,000 gallons per day ; but the well is only 
pumped for two or three weeks at a time, chiefly in dry weather. 

The well is 70 yards from the river Irwell ; and when that river rises, the 
water in the well rises also. 

Prof. Hull states that in 1863 from 60 to 70 wells in the New Bed and 
Lower Permian Sandstones of Manchester and Salford yielded not less than 
six million gallons per day, used for factories, breweries, bleaching and dye 
works. 

As the collecting- area is only 7 square miles, covered with houses and 
paved streets, a large part of this supply must be derived from infiltration 
from the rivers Irk, Medlock, and Irwell. 

As the water thus derived is useful for commercial purposes, while that in 
the rivers is little better than sewage, the great natural filtering-properties of 
the New Bed Sandstone are here remarkably shown. 

Dr. B. Angus Smith, F.B.S., found the water from the deep wells of 
Manchester, in the Permian and Bunter Sandstone, to yield 8 grains oi 
sulphate of lime, and six of carbonate. 

WeU-water rom the south side of Manchester, analyzed by him in 1865, 

contained : — 
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grains. 


Chloride of sodium 4*83 

Sulphate of soda 7*33 

Carbonate of soda 7*35 

„ of lime 9*77 

„ of magnesia 5*29 


34-57 

The following section of a well and boring at Seedly Print-Works, given 
by Messrs. Binney and Hull, is of value, as showing that while the Upper 
Permian series attain a thickness of 128 feet, the Lower Permian Sandstone 
is but 12 feet 6 inches, though at Collyhurst, 2^ miles to the east, it has 
expanded to a thickness of 250 feet. 

foot 

1. Drift. Boulder-clay 61 

2. Trias. Soft red sandstone 139 

3. Upper Permian. Marls, sandstone, and beds of limestone .... 128 

4. Lower Permian. White rock, red sandstone 12^ 

5. Coal-measures 30 


mi 

The whole of the Permian formation, as proved by various wells and 
borings, is subject to great variation of thickness, due probably to uncon- 
formability. 

In the borough of Salford Mr. Binney has recorded a large number of 
borings for water at the factories and printing works ; one of these, at Messrs. 
Dewhurst Dawson’s Croft, Greengate, gave : — 

feet. 


1. New Red Sandstone. Bed and streaked sandstone 180 

2. Upper Permian. Bed marls, with 4 thin beds of lime- 

stone and one of grit 210 


3. Lower Permian. Soft bright red sandstone, bottom not 
reached. 


In a boring at the brewery near Albert Bridge, the following sequence 
occurred : — 

feet. 

New Red Sandstone 470 


Upper Permian. Bed marls with limestone 120 

Lower Permian. Bed sandstone and clay 10 


These borings point to the Lower Permian Sandstone as the source of the 
water in the deep wells of the Salford district. 

At Ordsall a boring 460 feet in depth failed to reach the base of the Hew 
Bed Sandstone, and the water at the bottom of the bore became so salt that 
the work was given up : this is probably the only instance of salt water 
being met with in the sandstones of the Trias, though it commonly occurs in 
the marls. 

East of the Manchester coal-field is a tract of Hew Bed Sandstone, 2 
miles in width, in which is situated the Gorton Waterworks, where a well 
210 feet is capable of yielding 600 gallons per minute, notwithstanding the 
greater part of the drainage-area is covered with impermeable Boulder- 
clay. 
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The New Bed Sandstone in the Liverpool and Preston district consists of 


the following subdivisions ; — 

feet. 

1. Lower Kcuper Sandstone 400 

2. The Upper Mottled Sandstone 600 

3. Pebble-beds 800 

4. Lower Mottled Sandstone 100 


Permian beds thin and unimportant. 

In a section first described by your lleporter in the railway-cutting at 
Orrel, near Waterloo, the upper beds of the Keuper Sandstone consist of 
beds of fine-grained sandstone, separated by seams of grey marl, throwing 
out springs, maintaining the characteristic which gives to the Keuper Sand- 
stone in the Midland counties the name of ‘‘ waterstones f between these 
water-bearing beds and a patch of overlying Keuper Marls let in by a fault 
a conglomerate bed occurs similar to that oc(mrring at the base of the 
Keuper. A small well at a private house to the S.W. yields a good supply 
of water from the water-bearing bed ; but it is probable that a large well 
sank into these rocks W'ould afford a valuable auxiliary supply for Waterloo 
and Seaforth. 

The Upper Mottled Sandstone consists of rather hard yellow sandstone, 
sometimes used for building, which yields a good supply of water in a well 
at Scarishrick, of the Southport Waterworks, 70 feet above the sea-level. 
Nearer Ormskirk are two other shafts sank, by the direction of Mr. Hawksley, 
in the lower beds of the Upper Mottled Sandstone ; in one of these, the Pilot 
shaft, a good supply of water is obtained ; but in the other, a few yards 
distant, no water was obtained, and the Company are now engaged in driving 
a heading in hopes of finding some. 

At Ormslcirlc Brewery a powerful spring, known as the Bath Spring,’^ 
supplies not only the brewery but the town itself. The top of the well is 
about 134 feet above the level of the sea, is 36 feet in depth, and yields 33 
gallons per minute. 

The late Mr. Eobert Stephenson, reporting on the supply of water to 
Liverpool in 1851, considered the New Eed Sandstone of that district, which 
consists of hard Pebble-beds and Upper Mottled Sandstone, to be generally 
very pervious, deep wells drawing their supplies from distances of more than 
a mile ; and he appears to have considered the whole mass as nearly equally 
permeable in every direction, except when fissures or faults filled with ar- 
gillaceous matter divide the field into water-tight compartments; and ho 
showed that the yield of no well can be permanently increased by sinking, 
tunnelling, or boring, except so far as the contributing area is thereby 
enlarged. 

The mass of the Liverpool wells draw their supplies from the sandstone at 
a level between high- and low-water mark ; and when the uniform pressure 
of the column of fresh water, which prevents any ingress of the fluctuating 
tidal water, is interfered with by excessive pumping, the general top-water 
level is lowered, and Mr. Stephenson pointed out that a reverse action ensues 
and the brackish water obtains a slight advantage. 

As larger and larger quantities of water are pumped, the current of 
brackish water gains in head ; and it appears to be gradually reaching further 
and further inland ; the wells at Bevington Bush, Soho Square, Hotham 
Street, and other places have had to be abandoned ; but whether it will be 
able to penetrate the faults which divide the Liverpool area into a series 
of different water-bearing belts is exceedingly doubtful. 
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The high permeability of the New Bed Sandstone is remarkably shown in 
the Green-Lane well of the Liverpool Corporation waterworks, of which the 
details were furnished to Prof. Hull by Mr. Duncan, the resident engineer. 

The well was sunk in 1845-46, at a point 144 feet above the sea-level, to a 
depth of 185 feet, or 41 feet below the sea. The yield was then 1 ,500,000 
gallons per day. 

A 6-inch bore, sunk 60 feet from the bottom of the well, increased the 
yield to 2,317,000 gallons. 

In June 1853, the supply having slightly fallen off, the bore-hole was 
deepened a further 38| foot, when the yield increased to 2,689,000 gallons. 

In June 1856 the bore-hole was widened, and carried a further 101 feet, 
when the supply rose to 3,321,000 gallons per day. 

In the first boring, as pointed out by Prof. Hull, the increase was at the 
rate of 17,783 gallons per foot, in the second it was only 9789 gallons per 
foot, and the third only yielded 6277 additional gallons per foot ; so that 
increase of depth gives so rapidly a diminishing ratio of volume, that a zero- 
point would be soon attained. • 

The large volume of water in this well is believed to be due to the existence 
of a large fault, which acts as a duct for the underground waters over a large 
area. 

The water from the Green-Lane well was analyzed in 1850 by Mr. Phillips, 
and one gallon contained : — 

grains. 


Carbonate of lime 5-26 

Chloride of sodium 2-66 

Sulphate of soda 2*23 

Silica 0*64 

Organic matter, &c 2*81 


13*60 


Mr. Isaac Roberts, who has given much attention to the wells of Liverpool, 
found by experiment that one square foot of compact sandstone 10| inches 
in thickness, of average coarseness, allowed the following quantities of water 
to pass through it per hour : — 


At a pressure of 10 lbs. to the square inch 4| gallons. 

20 „ ,, ,) 

»» »} 46 ,, f) 19 ,, 


the increase being nearly directly as the pressure. 

Mr. Roberts examined the Liverpool sandstone microscopically, and found 
it to consist of roughly rounded grains of quartz attached at the points of 
contact with a siliceous cement. When a block of this sandstone is immersed 
in water, the grains do not absorb but attract the water into the spaces 
between the grains by (‘apillary attraction — sandstone of ordinary coarseness 
taking up no less than of its own weight of water, of which runs away 
by the influence of gravity, the remainder being held in the cavities of the 
stone by capillary attraction. 

Mr. Roberts describes seven wells which he has sunk or deepened at 
Liverpool, and gives information concerning them, which clearly proves the 
gradually lessening amount of rainfall which can make its way into the 
ground through the large extent of area in Liverpool covered witli buildings 
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or streets, which has caused the underground water to no longer flow from 
the sandstone towards the sea, but to allow a current of tidal water to set in 
towards the land, which gradually increasing in volume, the water in these 
wells becomes yearly more and more charged with salts. 

A well at (1) Earl Street, 350 yards from the Mersey, was perceptibly 
affected by the tide, the top water sinking to low- water level at low tide, 
the bottom of this well being 32 feet below high water. 

In a well at (2) Eainford Square, 500 yards from the river, the bottom of 
which is 76 feet below high-water mark, the supply is abundant; and Mr. E. 
Davis, E.C.S., found by analysis that it contained 

grams. 


Mineral matter per gallon 231*00 

Organic matter „ 1*75 


The mineral matter consisting of : — 

Chloride of calcium. 

„ magnesium. 

„ potassium. 

„ sodium. 

Oxide of iron. 


232*75 


Sulphate of lime. 

„ magnesium. 

Carbonate of lime. 

„ magnesia. 
Nitrate of ammonia, trace. 


The large quantities of salts in this well render it unfit for generating 
steam, for which it was formerly used. 

In the water from a well (3) at Johnson Street, 850 yards from the Mersey, 
Mr. PhilHps, of London, found the following salts per gallon : — 

grams. 


Sulphate of lime 8*80 

Carbonate of lime 24*33 

Chloride of lime 5*05 

„ magnesium 20*80 

„ sodium 55*79 


114*77 

The analysis was made in 1850, up to which time the water was suitable for 
brewing, but afterwards became so brackish that its use had to be discontinued. 

A well in (4) Wellington Street, about 1200 yards from the river, was 
sunk in the Keuper Sandstone to a depth of 71 feet below high water. An 
analysis of the water from a neighbouring well, made in 1865, gave 117*70 
grains of solid matter per gallon, consisting of : — 

grains. 


Sulphate of lime 29*50 

Chloride of lime 4*00 

„ magnesium 83*60 

„ sodium 47*60 

Carbonate of lime 2*00 

Iron, alumina, &c 1*00 


117*70 

(Analysis made by Messrs. Huson and Audle for Mr. Westworth.) 

An analysis of the Corporation well at Bootle, about 1800 yards from the 
river, made in 1850 by Mr. Phillips, gave 24 grains of solid matter per 
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gallon, consisting of : — 

grains 


Sulphate of lime 3*31 

Carbonate of lime 7*10 

„ magnesia 6*93 

Chloride of sodium 3*37 

Silica 0*48 

Organic matter 2*81 


24*00 

Mr. Eoberts gives the two following analyses, as showing the source of the 
increasing salinity of the Liverpool wells to be due to the percolation of the 
river and nob to any natural hardness. Analysis A was made in 1850 by 
Mr, Phillips, of well-water in Great Howard Street, Liverpool, 200 yards 
from the docks. Analysis B was made in 1869 by Mr. A Norman Tate, 
F.C.S., of halftide-water, procured from the Mersey by Mr. Eoberts, at the 
South Landing-Stage. 



A. 

B. 


grams. 

grams. 

Carbonate of lime 

28*70 

0*64 

„ of magnesia 

0*00 

0*80 

Sulphate of lime 

144*00 

56*44 

„ of magnesia 

0*00 

113*14 

Chloride of magnesium 

209*00 

85*60 

,, of potassium 

0*00 

5*32 

„ of sodium 

531*00 

1295*50 

Silica 

0*32 

0*64 

Alkaline nitrates 


trace 

Iodides and bromides 


trace 

Organic matter 

1*30 

not det. 


914*32 

1558*08 


In South Lancashire Mr. Mellard Eeade has collected valuable information, 
and reports a well at Crouton near Prescot, yielding 800,000 gallons a day, 
407 feet in depth ; a well at the Iron Works, Oarston, yielding 240,000 gal- 
lons per day, 351 feet in depth ; a weU of the Widness Local Board, with 
bore-hole 300 feet ia depth, yielding 6| million gallons per week of 7 days. 

In Cheshire no returns have as yet been received by Mr. Morton, and he 
therefore defers reporting on the Wirral wells until next year. For compa- 
rison with other districts, it may be well to reproduce the following details. 

In sinking the well at Flaybrick Hill in Cheshire, 3400 yards from the 
Mersey, water began to weep into the well through cavities in the sandstone 
at 10 feet above high-water mark ; above that level Mr. Eoberts, who sank 
the well, states the Keuper Sandstone was free from water ; as the depth 
increased the yield of water became greater, until at 55 feet below high- 
water mark 350,000 gallons were supplied in 24 hours, which quantity, by 
a subsequent bore-hole and adit driven to cut a fault by the direction of 
Mr. Bateman, C.E., was increased to 1,600,000 gallons in the same time. 

Professor Hull states that this and the other wells belonging to the 
Tranmere Local Board, the Birkenhead Commissioners, and the Wirral Water 
Co., yield together not less than four million gallons. 
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North-east of England. 


Yorkshire. — Prof, Green and Mr. Eox Strangways defer sending the 
Yorkshire returns, as they are as yet very incomplete. 

The following sections of wells in the New lied Sandstone of Yorkshire 
were collected by Mr. Clifton Ward, E.G.S., of the Geological Survey, and 
forwarded by him to Mr. Whitaker. 

Probable thickness of New Red and Permian in the Leeds and York 
district : — 


feet. 

f Keuper (red and blue binds with stone and beds of 

alabaster) 400 

[ Bunter (Red Sandstone) 900 

■n . flipper Marls thickness unknown 

Pemians, I Limestone about 40 

[Middle Marls 0 to 30 

[ Lower Limestone 200 


Trias, 
1300 feet. 


about 
300 feet, 


Ascertained thicknesses from rocks, borings, &c., but not all representing 
total thicknesses : — 

feet. 

Triaa f Kouper 285 

' ' ‘ ‘ I Bunter Sandstone 700 

rUpper Marls thickness unknown 

p ; J Upper Limestone about 30 

rermian ^ 

l^Lower Limestone 170 

A boring through Magnesian Limestone (Lower) at Tadcaster, 170 feet of 
Lower Limestone was pierced to the underlying Millstone-grit (rough rock). 


Wells and Borings in the New Red and Permian of Torhshire, 


Well at Selhy : — 

Warp and clay 

Strong clay 

Sand and clay 

Strong clay 

Clay and silt 

Grey sand or loose water-sand 

Red sand 

Indurated sand 

Red Sandstone 

Red clay and Fuller’s earth with pipe-clay 
Red Sandstone 


feet. in. 
10 0 
10 6 
14 8 

7 10 

8 9 
7 9 


6 

1 

54 

5 


203 0 


262 ft. 6 in. 


330*0 

(Particulars from Mr. Wainright, Holgate Lane.) 

The water is hard (as if from Magnesian Limestone) ; 243,000 gallons are 
pumped up every 24 hours, and the supply is constant. The water stands 
highest at 12 at noon and 12 at night, only varying about 2 inches at these 
hours, but 8 or 9 inches between these hours. 
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At the other end of the town (from the Selby Waterworks) there is another 
well 380 feet deep, still in Ked Sandstone ; the water stands very near the top. 

Another well at Cawood is about 300 feet deep ; some years after ^its 
sinking, at 11 in the morning of a certain day, the water fell considerably, 
while at the same hour the Selby well gave an overwhelming supply. 

Well sunk by Mr. Swale at Walmgate Bar, York : — 


feet. in. 

Clay and stones 24 0 

Quicksand 60 0 

Fine sandstone 204 0 

Parting with water 0 2 

Fine sandstone 279 0 


567 2 

At Bilton HaU, near York, sandstone (New Red) reached at 20 yards, not 
gone through. 

Boring at Goole in connexion with a railway-bridge across the Ouse : — 


feet. 

Silt and sand 20 

Black peat 18 

Soft brown clay, sand, and gravel 18 

Soft blue shale full of water 18 

Strong blue shale with gypsum (hero foundation 
was made) 30 

104 

Well at Street Houses in Tadcaster Road (York): — 

feet. 

Strong clay 33 

Sand 9 

(New Red) Red Sandstone 6 

Well at HolmCy near Market Weighton (at ‘ Blacksmith’s Arms’) : — 

feet. 

(Sunk) Sand 15 

(Bored) Blue stone with a layer of ‘‘ Plaster ” at 

bottom 60 

Blue and brown stono 225 


300 

(Am not sure about these measures. — J. C. W.) 

Sinking and boring at Saltmarsh, 1834: — 

Earth 

Quicksand 

■\^ite and blue plaster and red marl 

Blue marl 

Red marl 

Soft red sandstone 


feet. 

36 

18 

126'! 

33 [ 201 
42 J 
60 


315 
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Boring at Reedness, upon, the estate of Mr. John Egremont. Superin 
tended by Mr. John Walker, C.E. (commenced Oct. 7, 1835) : — 


feet. in. 

Warp and gravel 69 6 

Keuper 272 2 

Bunter 687 2 


1028 10 

(N.B. — I have all the details of this boring. — J. C. W.) 

Middlesborough, Bolckhow and Vaughan, 1861, sunk and communicated 
by Messrs. T, Eocwra and Son. Shaft 178 feet, the rest bored : — 


feet. 

Made ground 1 

f Black slime 8 

j Sand full of water 10 

j Sand with water 1 

[Dry sandy loam 3 

I Hard clay, dry 16 

Claystone, water 11 

Clay with gypsum, dry 7 

Gypsum, water 2 

Red sandstone with gypsum 50 

AT P /I J gypsum, dry 6 

® * ] Red sandstone, a little gypsum 5 

Water 1 

Red rock, dry 4 

„ with gypsum 10 

Blue and white stone 2-J- 

l^Red sandstone, no gypsum 720 


South-west of England. 

Name of Member of Committee asking for information, W. Pengelly, La» 
morn a, Torquay. 

Name of Individual or Company applied to : — 

Mr. Shepherd and Sons, Exeter. 

1 . Bridge Mills, Silverton, near Exeter. 3 . 20 ft., diameter 6 ft., total depth 
237 ft- ; bore-hole 6 in. diameter. 4. 214 ft. 5. 100 gallons per minute. 9. Sand 
94 ft. 8 in. ; rock 26 fl. 11 in. ; marl 29 ft. 4 in. ; clay and greensand 80 ft. j gravel 4 ft. 
9 in., water j hard clay 16 ft. ; rock 15 ft. 10 in, 

Mr. W. S. S. Gamlen, Bramford Speke. 

1 . In the village of Bramford Speke, Exeter, on a slight eminence at the foot of 
a long elope of gently rising ground. 2. 140 feet. 3 . 62 feet j diameter 4 ft. 6 in. 
4 .' 4 to 6 feet generally ; the water returns to this level in about 6 hours. 5. Can- 
not say. 6 . About 1 ft. 6 in., higher in winter : I do not think it has varied in quan- 
tity. 7. Only gradually by autumnal rains. The surface of the water is about 
2 ft. above the level of the river Exe. 8. None. Very good drinking-water, slightly 
hard and containing carbonic acid gas. 9 . Drift of sandy loam 3 to 9 ft., of water- 
worn gravel 3 to 7 ft. ; total cover of drift about 13 ft., then New Red Sandstone to 
bottom of well, in beds of about 10 ft. of loose sand, 2 of coarser ditto, and 27 of 
pretty solid sandstone, but not firm enough for building-stone. 10 . About 16 feet 
below surface of the drift-soil springs occur. 11 . No : they are slight in summer. 
12 . No. 13 , No. 14 , No. 15 . 
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Mr, George Pycroft, Kenton, Exeter. 

1. Well situated in my house, on a hill-side one mile from tidal river Exe, 
2. 80 ft. 3. 70 ft. , diameter 4 ft. 4. 13 ft. ; do not know, but by two days’ pumping 
I once reduced the level to 3 feet, and it then rapidly refilled. 5. Not known : 
well never exhausted. 6. Yes; it varies from 6 ft. in excessively dry seasons to 
13 ft. 7. Yes. I cannot say, but certainly in 6 hours. The bottom of well about 10 ft. 
above mean sea-level. 8. Not known, but not hard ; excellent for washing and 
drinking ; well filled to a few feet of the top with carbonic acid ; water frequently 
contains well-shrimps. 9. New red conglomerate ; no cover of gravel or drift. 
10. No cover of drift. 12. No. 13. No. 14. No. 15. No. 

Mr. George Pycroft, Kenton, Exeter. 

1. Powderham Castle, right bank of Exe. 2. 30 ft. 3. 50 ft., diameter 3 ft. 
4. Not known ; never exhausted. 5. Not known. 6. Not known. 7. la affected 
by local rains, but how rapidly or to what extent not ascertained ; is 20 ft. below the 
mean sea-level. 

8. Saline matters 14-19 (less) 

Organic „ 0*62 

14-81 


12. No. 13. No. 14. No. 


Degree of hardness . . 7*80 

9. Light porous red sandstone. 10. No. 11. No. 

15. No. 

Mr. Robert Blackburn, Trews Weir, near Exeter. 

1. Within 50 yards from the river Exe. 2. 20 ft. above sea-level at Exmouth. 
3.120 ft. denth of well, and 250 ft. 9 inches bore. 4. Not ascertained. 5. 600,000 
gallons in 24 hours. 6. In winter average height of water 2 ft. above summer 
level. 7. Not affected by rain, 8. Analysis of spring- water at Trews Weir: one 
imperial gallon contains 

grains. 

Organic matter (including -108 oxidizing organic matter) .... *32 

Carbonate of lime. 11*61 

Nitrate of magnesia 6-92 

Chloride of magnesia *41 

Chloride of potassium *79 

Chloride of sodium 5-69 

Oxide of iron and alumina *16 

Soluble silica *76 


Total residuum (gained at 140° 0., hardness before boiling 27^°) 36*80 

9. Red sandstone, rain-drift. 10. No. 12. None, 13. Not known. 14. No. 
15. None that we know of. 

Dr. Lake, Teignmouth. 

1, Four wells in garden of Myln Villa, Coomb, West Teigimouth, sunk in 
1874 by Teignmouth Local Board as an extra supply for town. These wells are in 
the bottom of a valley not far from a culvert which was built to carry the water of 
the brook running in the valley ; they are therefore independent of the brook, and 
are supplied by springs breaking forth out of the rock in their sides and in those 
of the adit connecting them. 2. The surface of ground about 100 ft. above^ mean 
tide. 3. 30 ft., diameter 5 ft. 5. No cei-tain means yet of ascertaining this. 8. 
Analysis by Professor Frankland in parts per 100,000; — Total solid impurity ^-00; 
organic carbon *066; organic nitrogen *008 ; ammonia *001; nitrogen as nitrates 
and nitrites *530; total combined nitrogen *639 ; chlorine 3-20 ; hardness, temp. 1P*4, 
perm. 11°*1. 9. See plan. 10. No. 13. No. 14. No. 15. No. 

Dr. Symes Saunders. 

1. The well at the Devon County Lunatic Asylum, Exminster. 2. 160 feet, 3. 114 

1876. ‘ R 



ISO 


REPORT — 1875. 


feet in depth ; bore 70 feet; diameter of shaft 6 feet, ditto of bore 4 inches. 4. 20 feet 
before reduced by pumping to 8 feet ; restored in 10 hours. 5. 80,000 gallons. 
6. Yes ; in January ana February rises occasionally 20 feet. 7. After continuous 
rain level is affected and water rises 3 or 4 feet. 8. Analysis by Voelcker appended. 
9. Ked Sandstone. 10. Yes. 11. No. 12. No. 13. No. 14. No. 15. No. 

Composition of two samples of Water sent by Dr. Symes Saunders, County Lunatic 
Asylum, Exminster. Water from 

An imperial gallon on evaparation left residue, dried at 260° 

Fahr 

An analysis of the residue gave by direct determination 

Organic matter aud loss in heating 

Oxides of iron and alumina, traces of phosphoric acid *24 

Lime • . . ^’11 

Magnesia 1*40 

Sulphuric acid ‘72 

Chlorine 2*20 

Soluble silica 

Alkalies and carbonic acid (not determined separately) 

Total residue per gallon 16*61 

Oxidizahle organic matter per gallon *176 

According to the usual mode of combining the constituents of waters, the composi- 
tion of the two samples may be represented as follows ; — 

General Composition of two samples of Water in use in the Devon County Lunatic 
Asylum, Exminster. 

An imperial gallon contains in grains : — 

•Organic matter and loss in heating 1*39 

Oxides of iron and alumina and traces of phosphoric acid *24 

Sulphate of lime 1*22 

Carbonate of lime 4*66 

Carbonate of magnesia 8*06 

Chloride of sodium 3*62 

Carbonates of potash and soda 1*52 

Soluble silica 


WeU- 

water. 

tap m 

iro.SWard. 

grs. 

16*61 

fe'os 

1*89 

1*40 

•24 

•26 

3*11 

3*24 

1*46 

1*49 

•72 

•74 

2*20 

2*21 

•90 

•81 

6-59 

6*81 

16*61 

16-96 

•176 

•272 


♦Including oxidizahle organic matter 


11 Salisbury Square, Fleet Street, 
Nov. 2nd, 1866. 


Well“Water. 

Water from Tap in 
No. 6 Ward. 

1-39 

1-40 

•24 

•26 

1*22 

1-26 

4*66 

4*87 

8*06 

811 

3*62 

8-68 

1*62 

1-63 

•90 

•81 

. — . 

— 

ic-ci 

16-95 

. -170 

•272 


Augustus Voelcker, Ph.D. 


Mr. Henry John Carter, Budleigh-Salterton, Devon, 
i. All the wells at Budleigh-Salterton are in the New Red Sandstone above the 
great Pebble-bed. 2. Do not know. 3 . Depth of our own well 87 feet ; diameter 
8 feet inside the revetment at the top: I know nothing of any other. 4 . Do not 
know ; water drawn up by bucket three or four times a day ; bucket cylindrical iron 
15J by 18 J in. measurement. 5. Do not know ; there is always 4-6 feet of water in 
our well. B. Do not know ; well about 150 years old. 7. Do not know ; must he, 
I should think, 40-60 feet above either at the hottomy with the strata inclined south- 
east. 8 . No peculiarity ; comparatively pure compared with that from the land 
spring, which is so hard that it is only used for washing potatoes and the like. 
^ New Red Sandstone; drift variable in thickness, under 10 feet I should think, 
10 . Yes, at our house for 6-8 months in the year. 11 . Entirely kept out, I believe. 
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12 . Do not know. 13 . Not to my knowledge j well 160 years old. 14 . Not to my 
knowledge. 15. Not to my knowledge j but the water in many of the wells near 
the sea, which are comparatively shallower, is very brackish.” 

Dr. Albert Baker, Dawlish, 

1 . In the valley or town, and on the hills on each side of the valley or town of 
Dawlish. 2 . Prom 6 ft. to 200 ft. 3 . Varies from 30 to 180 ft. ; diameter in sand 3 ft. 
9 in., in stone or rock 4 ft. 9 in. ; bore-holes not in use. 4 . The average from the 

mother” or ^‘main spring” is 7 feet, and if pumped out refills in 7 or 8 hours 
everywhere. B. To be calculated. 6 . Very little when the mother ” spring is 
struck ; there is very little difference, if any, observed in the past 10 years ; increase of 
population 500 to 600. 7 . Only the shallow wells of 14 to 20 feet, which is all from 
drainage through the lower bed of coarse gravel ; this not more than 1 or 2 feet below 
the stream or sea anywhere. 8 . Not vm/ hard ; contains a good deal of sulphate of 
lime (Sorby’s), which decreases as you ascend the brook ; in many of the low 1 evels it is 
brackish, but varies very much in adjoining wells. 9 . Generally red sandstone until 
you reach 60 or 70 feet. Tlie layers run from sandstone to coarse gravel like beach, 
with veins of fine sand, then large flinty stones and gravel, coarse and large ; should 
liard pan of sandstone be hit, the water will be retained by it, or if bored through 
it wells up so fast very often that all further sinking is stopped and a permanent sup- 
ply of 7 feet deep is obtained j at about 40 to 50 met above the sea water is readily 
got at 35 feet, but is generally believed to be branch springs and surface percolation 
together, very nure, hut not always permanent. It is believed that any well pumped 
out would refill to 7 feet in from 10 to 12 hours. The various beds vary from 1 to 
] 0 feet or more in thickness ; sandstone always predominates in the deep wells. 
The only well requiring blasting is at Oaklands,” now 65 feet deep and in very hard 
conglomerate red rock : this well is 200 feet above the sea-level. 10 . Yes, many 
in various places. 11 . Not general^ near wells, but used as (men springs and con- 
sidered very pure. 12 . No. 13 . Never heard of any. 14 . No. 15 . Never heard 
of any ; and the brackish water gets bitter as you get deeper, and is very variable ia 
most places. It appears to me entirely dependent on the loose gi’avel-heds, which 
vary in depth and thickness considerably, and no doubt allow the sea- water to per-* 
colate through them in high tides, dry seasons, and such like. 

Dev. J. Lightfoot, Cofton, near Dawlish. 

1 , On Cofton Hill, on the right bank of estuary of the Exc. 2. About 92 feet. 
3 . Depth 71 feet, diameter 3 feet. 4 . Height of water 19 feet ; no sensible dif- 
ference after pumping. 5. Not known. 6 . Do not know ; the water has never failed. 
7 . Do not know ; about 40 feet above mean sea-level. 9 . Light porous sandy rock, 
10 . No. 12 . No. 13 . No. 14 . No. 15 . No. 

Mr. John Watson, Torquay, 

1 . Compton Farm, Marldon, near Torquay. 3 . 90 feet deep, 5 feet diameter j no 
bore-hole. 4 . It is used for the ordinary purposes at the farm-house, and has never 
been exhausted. 6 . 10 feet in winter and 6 feet in summer. 7. No stream nearer than 
half a mile. 8 . Hard. 9 . 10 feet of earth and drift, and the remainder red sand- 
stone. 10 . No. 12 . No. 13 . No. 14 No. 15 . I have no knowledge of any. 

Dr. J. A. Colt, 

1 . At my house at Maidencomhe. 2 . About 250 feet. 3 . 91 feet deep, 3 feet 
diameter; continued to bottom of well. 4 . Ordinary height of water 13 feet 
6 inches ; no perceptible difference, unless after two or three hours’ pumping in dry 
weather. 5. Several hogsheads have been pumped in a day without more than 2 
inches fall. 6. No, excepting in the dry seasons of 1868, 1869, and 1870, after severe 
pumping to supply cattle and neighbours, when it fell to 9 feet 6 inches in October 
1870. 7 . The level is not affected to any evident extent by local rains. 8 . It con- 
tains a small quantity of lime. 9 . The cover of red-marl drift is about 12 feet thick, 
and afterwards nearly solid red sandstone rock, with here and there a layer of lime- 
stone cobbles cemented in the sand. 10 - No surface-springs ; the well is flagged over 
with large slate flags. 11 . Yes. 12 . No, not nearer than 300 yards, where a well 
130 feet deep refused to hold water. 13 . None, 14 . No, 15 , No. 

R 2 



132 


REPORT — 1875. 


Name of Member of Commitfceo asking for information, Mr. C. Moore, 
F.G.S., Bath. 

Name of Individual or Company applied to : — • 

Mr. W. W. Stoddart, F.G.S., Bristol. 

1. In the city of Bristol. 2. From 10 feet to 200 feet. 3. From about 60 feet to 300 
feet. 8. Can give a great number of analyses made for sanitarj^urposes. A large 
number of the Bristol wells are reached by tidal water. 9. Some Triassic marls ; some 
through ditto and Coal-measures, many through peat and gravel. 10. Yes. 11. Np. 
12. Yes, in Pennant rock. 13. No. 14. No. 15. Yes j will try and get section 
of the 300-foot well mentioned in No. 3. 


Mr, Stuart, Braysdown Colliery. 

1. Br^sdown Colliery, near Bath. 3. 500 yards. 6. Does not vary. 8. Analysis 
by Mr. Biggs of water from bottom of pit : — 

Silica 26-76 

Sulphuric acid 31 *47 

Chlorine* 412-05 

Lime as carbonate 02-67 

Magnesia 1609 

Soda 332-06 

Solid residue after ignition per gallon . . 920-80 
Specific gravity 1-010 

Very salt. 9. New Bed Sandstone, Coal-measures. 10. Surface-springs are kept 
back, but occur on various points. 

Mr. D. Brown, Twerton coal-pit, near Bath. 

1. No. 2 pit (sinking), Twerton. 3. Depth from surface to bottom of shaft 125 
yards ; diameters 14 ft. X 11 ft. inside welling. 5. About 16,800 gallons per 24 hours. 
6. Water increases slightly in rainy seasons. 7. Top spring in gravel-bed 4 ft. 6 in. be- 
low water-level of brook ; bottom spring CO ft. 9 in. Irom level of water in brook. 8. 
112-8 parts per 100,000 of ^hlorido of sodium, estimated purposely by Charles 
Ekin, F.C.S., Bath. 

9. Sectio7i. 

Alluvial and yellow clay 7 6 

Gravel (spring) 1 0 

Blue or Lower Liasjg"® ! CG 0 

Kheeticbeda ]Rh»ticbed.s 23 0 

New Bed Marl 180 0 

10. Yes. 11. No. 12. No. 13. The lower spring was rather salt. 


Dr. H. J. Alford, Tangier House, Taunton. 

' 1. Generally within a few yards of dwelling-house. 2. From 60 to 100 feet. 3, 
Various, from 25 to 75 feet. 4. In some instances in deep water there is difficulty in 
pumping it dry ; it generally fills again in 12 hours. 7. The shallow wells are 
so affected. 8. On analysis the water is somewhat hard, containing sulphate and 
carbonate of lime; about 6 grains of lime per gallon. 9. New Bed Sandstone 
gravel subsoil of few feet. 10. No. 12. No. 13. No. 14. No. 15. No. 

The Bev. 0. T. Harrison, Thorn Falcon, Taunton. 

1. Thom Falcon, Taunton. 3. 25 to 45 feet. 8. Very hard. 9. Bed marls; 
spring derived from a sand-bed beneath. 

Mr. T. 11. Dickinson, Bingweston, Somerton. 

1 . About 200 yards W.S.W. of Somerton church. 2 . About 95 feet above the 
river, 3. Depth 129J feet, diameter 3 inches. 4. 47 feet from the surface no varia- 

♦ Giving 1008 grains common salt per gallon, or 1440 grains ditto per 100,000. 
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tion is noticeable. 5. Have never tested, but have talcen over 3000 in that space 
of time. 6. Has not been tested, 7. Do not think it is. 

8. Sulphate of lime 70*401 

Carbonate of lime 63*81 ► grains per gallon. 

Carbonate of magnesia. . 12*20 J 

9 . The White Lias is said to be from 90 to 09 feet down ; no information in further 
detail can be given ; another well is to be sunk soon about a J of a mile west of this, 
and a note of the strata will b(5 carefully taken by Mr. Thomas, of Somerton, under 
whose direction it will be sunk. 10. There are sinface-springs ^ of a mile west, 
which supply a good deal of water after rain and various pumps ; but 1 do not appre- 
hend that much goes into this well, and no particular precautions have been taken. 
12. No. 13. No. 14. No. 15. No. 

Mr. Edward Tylor, Wellington. 

(These answers are given by Mr. Eobert Knight, Wellington.) 

^ 1. Centre of town of Wellington. 2. 2.30 feet. 3. Well 48 feet deep, 6 feet 
diameter. 4. Ordinary pumping does not alter the level perceptibly. 5. 120. 
6. There is usually 2 feet less of water in the summer : no diininution has been 
noticed in this well. 7. Is not affected by rain, and is too remote from streams or 
sea. 8. Water pure, particularly ^Minid ” 9. Loose sandstone covered bv about 

2 feet of clay. (Theni is a saying common amongst tbe country people here, to 
the effect that the breaking of the springs in winter is in some manner influenced 
hy the winds of the previous March.) 10. There is no surface-spring within a J 
of a mile of this well. 12. No. 13. No. 14. No. 15. No. 

Well-sinkers say that within the last 20 years the general level at which water 
is reached has sunk 1 or 2 feet. 

Mr. J. M'^Murtrie, F.G.S., Kadstock. 

1. Tyuing Pit, Eadstock. 3. Diameter of pit 8 feet ; depth to chief spring or 
feeder 200 feet. 4. Before pumping, about 90 feet ; after pumping, 200 feet. 5. 
804,000 gallons. 6. It varies a few feet in level summer and winter ; the quan- 
tity does not diminish. 7 . Local rains increase the feeder ; the water rises to the 
level of the brook in the valley. 

ft. 

9 . ? Lias 17 

Ebmtic about 18 

Eed marls 166 

200 

10. No drift. 11. No drift. 12. None. 13. None. 14. None. 15. None. 

Mr. Wilkins, Writhlington, 

1. Kilmersdon Coal-Shaft New Pit. 2. Kilmersdon Pits, one 8 feet, one 10 feet j 
the 10-foot pit is down 42 fathoms 1 foot 0 in. to a hard stone ; 4100 gallons of 
water per hour come into the pits. 4. Water rose 33 yds. in 24 hours, and stood 
at that point. 5. 24 hours, 98,400 gallons. 6. This spring rises when the wind is 
high, but not at any other time, though I ha\ e watched it many years. The above 
spring is what we call ^^the red- ground spring,” and lies from 20 to 24 fathoms under 
the Lias beds. 8. Stain red, and when in a vessel the sediment of the water is very 
red. The water is hard. 9 . Brown clay, Lias and clay, black and blue marl and 
marlstone 13 fathoms ; 34 feet red ground with lists ” of blue stone and^ conglo- 
merate 4 feet J ditto 1 loot, then red ground 4 feet, then conglomerate again, 
[Surface beds Middle Lias, about 3 to 4 feet thick. 

/» TT r • orr If- 


Base of Lower Lias 37 feet „ 

Base of Ehaetic beds 6 ft. 4 in. „ 


All the beds above the Coal-measures are very thin in this district, — C. M.] 10. Yes, 
lias springs. 11. Yes. 12. Yes; fault called the 100-fathom fault. 13. In coal-mea- 
sures the water is very salt. 14. One in the Foxcote pit between the first and second 
series of veins. I know none but Foxcote. 
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Mr. E. Barham, Bath, Bridgwater. 

1. At Wemhaon. 2. 00 feet. 3. 80 feet. 4. Plentiful supply^ except in very 
dry summers. 5. Canuot state precise quantity. 6. It is level in the summer; 
three or four years ago there was a partial failure of water in August or September. 
7. No immediate elFect is produced by rain, however heavy. The bottom of the well 
is higher than any other stream in the neighbourhood. I have no analysis of the 
water ; it is very clear to look at and very hard ; it rocks ” kettles and sometimes 
when boiling looks milky.” 9. The well is entirely situate in the red sandstone, 
which at the point in question is a band of conglomerate rock, the imbedded rock 
being, I should think, portions of the Quantock formation. 10. There are no surface- 
springs in the immediate neighborhood. 12. There is a fault running from near 
the well past Connington to Charlwick. 13. No. 14. No. 15. No. 

TJio Bev. M. Drummond, Wookey Vicarage, near Wells. 

1. West of Wells, Somerset. 2. About 70 feet. 3. 83 feet. 4. 3-feet level 
does not alter under ordinary usage. 6.' Varies from 3 feet in driest to 12 feet in 
wettest weather, but no diminution in the supply. 7. No, probably about level 
with the river Axe. 8 . No analysis; always clear. 

ft. 

9. Red marl 30 

Loam 3 

Redstone. 

A large body of water finds its way, by means of smaller holes and fissures in the 
Carboniferous limestone of the Mendip Hills, to the lower levels. Thus a spring 
rises in the Bishop’s Palace Grarden at Wells which brings coal with it, some of 
which I have ; and a large stream emerges from under the Carboniferous limestone 
at Cheddar. 10. No drift; all the neighbourhood full of land-springs. 11. Yes. 
13. No. 14. No. 15. No. 


Midland Counties. 

Name of Member of Committee asking for information, Mr. James Plant, 
E.G.8. 

Name of Individual or Company applied to : — 

Messrs. Fielding & Co. 

1. Leicester. 2. 210 feet, mean tide Liverpool. 3. 75 feet, 8 ft. diameter ; no bore- 
hole. 4. 35 feet, in working reduced to 10 feet and restored in 10 hours. 5. 250 to 
300 thousand gallons. 6. Not observed ; some 10 feet. 7. Not seen ; well when full 
about same level as water in river Soar. 8 . Sulphate and carbonate of lime ; pro- 
portions not known. 

ft. 

9. Soil 2-6 (there are two wells). 

Drift (clay and sand) 10 

Red marl 30 

Clipper Keuper sandstone 29 

75 

10. Yes. 11. Yes. 12. None known. 13. No. 14. None known. 15- No. 

Messrs. Hodges and Sons. 

1. Leicester. 2. 206 ft. above mean tide Liverpool. 3. 90 ft., 9 ft. diameter, bottom 
12 feet diameter ; heading driven into sandstone to increase supply. 4. oO feet ; 
emptied during ten hours, restored in 14 hours. 5. No estimate. 6. Not observed 
(only sunk 5 years). 7 . Not observed, about same level as riverf. 8 . Sulphate 

* Thin “ wayboards” of red and grey marl and red, white, and grey sandstone alternating 
and full of “ npple-marks beds 4 to 6 inches. 

t The river Soar, near the town, runs through the “ Upper Heuper sandstone” beds, 
cutting them down to the red marl below ; the town of Ueioester is partly built on thew 
upper sandstone beds, but drift lies over all. 
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ft. 

10 
35 
45 

90 

10. Yes. 11. Yes. 12. None known. 13. No. 14. None known. 15. No. 
Messrs. Pickard and Sons. 

1. Leicester. 2. 208 feet; mean tide Liverpool. 3. 75 feet j no bore-hole ; mean 
width of shaft 8 feet. 4. 30 feet ; emptied in 10 hours, restored in a night. 5. No 
estimate. 6. Not observed. 7. Not observed same (about) level as river. 


ft. 

9. Drift 15 

Red marl 25 

Upper Keuper sandstone 85 


76 

10. Yes. 11. Yes. 12. None known. 13. No. 14. None known. 15. No. 
Messrs. Everhard and Co. (Brewery). 

1. Leicester. 2. 203 feet, mean tide Liverpool. 3. 50 feet, diameter 7 feet. 4. 15 
to 20 feet. 5. Not estimated. 6. Not observed. 7. No. 8, Sulphate and carbo- 


nate of lime, proportion not known, 

ft. 

9. Drift (clay, &c.) 30 

Upper Keuper sandstone 20 


50 

10. Yes. 11. Yes. 12. None. 13. None, 14. None. 15. No. 

Messrs. Rust and Co. 

1. Leicester. 2. 208 ft., mean tide Liverpool. 3. 80 ft., diameter 9 ft. 4. 40 ft. 
5. No estimate, 6. Not observed. 7. Not observed. 8. No analysis, simply hard. 


ft. 

9. Soil 10 

Drift (clay, sand, and gravel) .... 80 
Upper Keuper sandstone 40 


80 

10. Yes. 11. Yes. 12. None. 13. None. 14. None. 15. No. 

Messrs. John Knowles, Mansfield. 

1. Nuneaton, centre of the town. 2. 210 ft, mean tide Liverpool. 3. 30 ft., 8 ft. 
diameter ; bore 82 ft., 4 in. diameter. 4. 105 ft. ; no pumping done. 5. 250,000 
gallons in 24 hours. 8. No (not more than 3 ft. at most); stands permanently 5 ft. 
above level of river Anker. 7. Cannot say. 8. Hard. 

ft. 

9. Drift (sand, gravel, and clay) .... 18 


Red marl 12 

Lower Keuper sandstone 80 


Permian (or Carboniferous) 2 

112 

10. Yes. 11. Yes, by "tubbing.” 12. Ureat triassic fault (running fifom N.W. to 
S.E.) within 200 yards west of well, 13. None. 14. None, 15. None, 


and carbonate of lime, proportion not stated. 

9. Drift 

Red marl 

Upper Keuper sandstone 
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Mr. II. C. Sinclair, C.E., Messrs. Howes, Dye Works. 

1. City of Coventry. 2. 220 ft., mean tide Liverpool. 3. Well 17 ft. ; bore 120 ft., 
7 in. diameter. 4. Always flowing over top of well, pump cannot lower it. 5. 
Half a million gallons in 24 hours. 6 . Made 1866 ; never varied since. 7. Not 
affected by rains ; level of water always 4 ft. above level of river, which runs close 
by. 8. No analysis; quite clear and bright ; no incrustation left on boilers; water 
considered soft.” ft. 

9. Drift 11 

Red sandstone 1 

Conglomerate (Bmiter ?) 6 

Permian sandstone, very variable in 
colour and hardness 119 


137 

last 2 ft. 6 in. a light grey sandstone so hard that the drilling ” cost 2 guineas per 
inch. 10. Yes. 11, Yes. 12. None near this well. 13. None. 14. None nearer 
than Hinckley and Leamington. 15. None. 

Mr. R. C. Sinclair, Coventry Canal Company. 

1. Hawkesbury Pumping-station, 4 miles N.E. of Coventry. 2. 262 feet, mean tide 
Liverpool. 3. 120 feet deep, 10 feet diameter. 4. Before pumping 110 ft. ; after 10 
days and nights constant pumping 95 ft. ; fills up in 3 hours to llO^iJ. 5. In 24 hours 
1-J* million gallons for weeks together. 6. Is perceptibly lower after long drought. 
7. No ; when engine is not pumping the water stands nearly to the top of well. 8. No 
analysis ; water very pure, and leaves but little incrustation in boiler. 


ft 

9. Drift 30 

Lower Keuper sandstone 90 


120 


In sinking through the sandstone but little water was met with until the bottom 
bed, ^‘a very hard white sandstone,” was blasted; the water then burst in ; the men 
had to escape, leaving all the sinking-tools at bottom, and the water rose at once 
to the above height. 10. A few. 11. Yes. 12. Yes, both east and west. 13. No. 

14. No. 15. None. 


Hinckley Local Board. 

1. The Holy Well,” Hinckley, Leicestershire. 2. About 330 ft., mean tide 
Liverpool. 

3. Shaft 20 ft. Bore 620 ft. 

diam. 6 „ diam, 11 in., 90 ft. ) 


10 


12 

106 

333 


> 540 ft. 


4. Estimated at 420 ft. 5. No estimate. 6. Not observed; well not used. 7. Not 
observed. 8. 100 thousand gallons# contain 98 lbs. of sulphate and carbonate of 
lime (proportion of carbonate not stated) and 2^ lbs. chlorine gas. 

ft. 

9. Drift (pebbly clay, sand, and gravel) 160 

Red marl 20 

Lower Keuper sandstone (viz. thin beds of 
clay and gypsum alternating with thick 
beds of red, grey, and white sandstone) . . 870 


640 

10. Numerous (wells in use all from drift- springs). U. Imperfectly. 12. None 
♦ Rivers Pollution Commission. 
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known. 13. See analysis (^^Holy Well’^ was a salt spring). I4. None known 
elsewhere (there are other wells noted for medicinal properties). 15. No. 

Elmsthorpe Boring. 

1. Elmsthorpe, Leicestershire. 2. 300 ft., mean tide Liverpool. 3. 1400 ft. ; hore 
8 in., 6 in., 4 in., 3 in. 4. 800 ft., constant. 5. 800 ft. 6. Permanent level 800 ft. 


7. Not observed, 8. None. 

ft. 

9. Drift 10 

Bed marl 120 

Lower Kcuper sandstone 380 

Coal-measures 980 


these dipping 70° all through. 10 . Yes. 11 . Yes. 12 . 3 miles west great fault 
in trias (Lower Keuper sandstone). 13. No. 14. No. 15. No. 

Lindridge Colliery Company. 

1. Lindridge Hall, Dosford, Leicestershire. 2. 400 ft., mean tide Liverpool. 3. 120 
ft., shaft 10 ft. diameter. 4. Water runs over top of shaft. 5. Obliged to put engine 
down before. 6 . Sinking slmft deeper. 


9. Drift 2 

Upper Keuper sandstone 201 

Bed marl (marl with thin bands of gypsum) 44 1 by boring. 

Lower Keuper sandstone waterstones 204 1 


10 . Yes. 11 . Yes. 12 . East and west fault (downthrow to south) at Huggles- 
cote, G miles west. 13. None. 14. No. 15. No. 

Aiisty Paper-Mill Company, 

1. Austy, Leicestershire. 2. 225 ft., mean tide Liverpool. 3. Shaft 102 ft., dia- 
meter 8 It. ; bore 85 ft., diameter 3 in. 4. No water ; bottom of bore gypsum. 5. 
No water. 6. No water. 7. No water. 8. No water. 

ft. 

9. Drift, stiff brown boulder ’’ clay with many rounded pebbles. . 70 

Bed marl (Keuper), alternate layers of gypsum (0 in. to 12 in.), 
red clay, white and blue clay 117 

187 

10 . Yes, all shallow wells in villages. 11 . Yes, 12 . None ; is about 1 mile from 
igneous rocks ” at Groby. 13. None. 14. None. 15. None, 

Hathem Boring. 

1. Hathem, Leicestershire. 2. 90 ft., mean tide Liverpool. 3. 320 ft. ? 4. Water 
most abundant, height not observed. 5. Not known. 6. Not known. 7. Not 


known. 8 . Not known. 

ft. 

9. Drift 10 

Bed marl 110 

Lower Keuper sandstone 140 

Bunter con^omerate 60 ? 


320 

10, Yes, many. 11. Yes. 12. 3 miles west of fault in trias. 13. None. 14. 
None. 15. None, 

'Chilwell Boring. 

1. Chilwell, Leicestershire. 2. 95 ft., menu tide Liverpool. 3. 460 ft.; bore 6 in.. 
5 in., 4 in., 3 in. 4 . tip to the top of bore-hole, 5. Great abundance, and conti- 
nuous. 
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ffc. in. 

9 . Drift 13 8 

Upper Keuper sandstone . . 63 0 

Red marl 63 4 

Lower Keuper sandstonei ; 116 0 

Upper Bunter (P) 110 4 

Conglomerate 30 8 

Lower Bunter 44 4 

Permian 15 5 


435’ 9 

10 , \es. 12 . Great number N.E. and W. 13 . Great number. 14 . None. 15 . None. 
Spinney Hills Company. 

1 . Humberstone, near Leicester. 2 . 180 ft., mean tide Liverpool. 3 . 600 ft.; bore 


8 in., 6 in., 5 in., 4 in. 4 . 400 ft. 5 . No estimate. 6 . No. 7 . No. 8 . None. 

ft. 

9 . Drift 0 

Rlisetic 12 

Upper Keuper sandstone 100 

Rea marl with bands of gypsum . . 250 
Lower Keuper sandstone 232 


COO 

10 . Yes. 11 . Tube all the way. 12 . None. 13 . None. 14 . No. 15 . No, 
North-west op England. 

Name of Member of Committee asking for information, Mr. E. W. Binney, 

F.R.S. 

Name of Individual or Company applied to : — 

Messrs. Bayley and Craven, Agecroft. 

112 ft. it is 18 in. diameter. 

91ft. „ 15 in. „ 

20 ft. „ 9 in, „ 

4 . a, 16 ft. from bottom of well before pumping, and 4 ft. from bottom of well 
after pumping ; 5. 6 or 6 horn’s. 5 . About 180,000 to 200,000 gallons. 6 . a. As 
we only pump for two or three weeks during dry weather, we have not noticed 
this; h. Yes, probably because not worked continuously. 7. a. We have not 
noticed this ; o. The water rises in the well if the river is high. 8. No analysis ; 
the water contains a considerable quantity of iron. 9. Stratification in bore-hole 


only. 

ft. 

Red rock 110 

„ „ softish 114 

„ „ very hard 76 

„ „ soft, with various veins of white sandstone 

from 3 to 6 in. thick 15 

„ „ very hard, with various saddle beds 45 

„ „ soft, with veins of white sandstone 12 

„ „ rather hard 18 

„ „ soft, with veins of white sand striae 23 

413 

Not known 20 


433* 

* There is an error of 10 feet somewhere in this stratification : it ie copied exactly from 
Messrs. Mather and PJatfs report when the bore-hole was made. 


1 . 70 yards from River Irwell. 2 . Not known. 

3 . a. 32ft.x5ift 

b. Bore-hole 455 feet deep from surface., | 
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10 . We believe so. 11 . No, 12 . We have heard of one. 13 . No. 14 . No. 15 . Not 
that we know of. 

Messrs. Andrew & Co. 

1 . Mount-Street Mill, Harpurhey. 2 . See Ordnance Survey. 6 ft. above the high- 
way well. 3 , 64 yards deep, 7 wet diameter ; bore-hole 44 yards deep, 9 inches 
in diam. for 26 yards, 8 inches for 18 yards : total depth 108 yards. 4 . 20 yards 
from surface ; can empty the well ; rises to its level in six hours. 5 . 300 gdlons 
a minute, night and day. 6 . No. 7. No j above streams 26 to 28 yards. 8 . None ; 
hard, chiefly lime. 9 . Various, chiefly soft red sandstone, soapstone. [Middle 
Coal-measures. — E. W. B.] 10 . Yes, to a comparatively small extent. 11 . No. 

12 . Am not aware [one of 4000 to 5000 ft. close to. — E. W. B.l, 13 . No. 14 . No. 
15 . No. 

Messrs. Langworthy, Brothers & Co. Mr. John Taylor, Engineer. 

3 . 12 yards deep, 6 ft. 6 in. diameter. 5 . Plant of four bore-holes, 3| in. diameter ; 
three of them 60 yards deep and one 180 yards j yields 20,000 gallons per hour 
perpetually if the pumps are kept at work. Another plant of two bore-holes 60 yai*ds 
deep, 3 J in. diam., 8000 gallons per hour for about 60 hours per week. 8 . A deposit 
of lime. 9 . See enclosed sketch of rock &c. passed through to make the bore-5iole 
that is 180 yards deep ; it was bored in 1870 and 1871. I think it is the only 
sketch bejond 60 yards deep that is just in our immediate neighbourhood. 10 . No. 
12. One IS supposed to he on the west side of the 4-hole plant, about 100 yards 
distant. 13 . No. 14 . No. 15 . No. 

Name of Member of Committee asking for information, Mr. Mellard Reado, 
C.E., E.G.8. 

Name of Individual or Company applied to ; — 

Mr. Thomas S. Stooke, C.E. 

1 . Township of Whiston, Lancashire. 2 . 190 feet. 3 . 76 yards, 9 feet diameter ; 
bore-hole not made. 4 . Works in an incomplete state, as shown by sketch of pre- 
vious date. 5. 1,000,000 gallons. 6 , 7. Works in an incomplete state, as shown 
by sketch of previous date. 8 . Water not analyzed. 9 . Red Sandstone, 3 ft. (no 
cover). 12 . Yes. 13 . No, 14 . No. 

Mr. Robert Winstanley, O.E., Ince Waterworks, Oolborne. 

1 . Golbornc, Newton-lc- Willows, Lancashire. 2 . Ordnance level, 125 ft. 
3 . Well 150 ft. deep, 9 feet diameter ; bore-hole 300 ft., 3 in. diameter. 4 . 80 ft., 
120 ft. ; 0 hours. 5. 240,000 gallons. 6. Works established four years j no per- 
ceptible change. 8 . Hard water, 11°. 


9 . Surface coal 2 

Marl 2 

Clay 6 

Gravel &c 9 


Red rock, pebble-beds 131 


10 . No. 12 . Not known. 13 . No. 14 . No. 15 . No. 

Messrs. Gaskell, Deacon, & Co. 

1 . Our three wells are all within 200 yards of the Widnes passenger station. 

2. Surface of the ground is about 10 feet above mean sea-level. 

3. No. 1 shaft 80 feet deep, 6 feet diam. ; bore-hole 275 yds., average 8 in. diam. 

No. 2 shaft 39 „ 12 „ „ 213 „ „ 4 „ 


No. 3 shaft 37 


1 lu J ^ diam. 
fi ( 92 ydi., 8 in. diam. 
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4. We pump* almost continuously, except at Whitsuntide, when water slowly 
rises to old level at surface. 5. Total quantity now pumped from three wells 
493,913, or, say, 600,000 gallons per 24 hours. 6. (a) No. Wo fancy so, but 
have no evidence. 7. (a) Yes. (b) In about a month, (c) Slightly by rise and fall 
of tide. No analysis latelj ^ ; no peculiarity ; good ordinary quality for domestic 
and manufacturing purposes. 9. Surface, 46 feet of brown clay ; quicksand, 18 
feet ; 135 feet of clay and boulder-clay j red sandstone. 10. Yes. 11. No. 
12. Yes; supposed to cut a fault. 13. No. 14. None in the immediate neigh- 
bourhood. 15. No; but wo know of one or two wells which were sunk close 
to the river (which is tidal) which were afiected by the entry of brackish water 
through the quicksand. 

Widnes Local Board Waterworks. 

1 . Two wells (A and B) at Litton, near Widnes, about 100 feet apart. 2 . About 
10 or 16 feet. 3. A, 50 feet, 10 feet diameter, without bore-hole; B, 30 feet, 
10 feet diameter, with 24-inch bore-hole 300 feet from surface. 4. A, pumped con- 
stantly and hard ; cannot state ; stands about 40 feet from surface in bore-pipe 
in B. 5. million gallons per week (of 7 days). 6. Cannot state. 7. Yes, in 
about 10 days. 8. Dont know of any ; nothing particular ; very clear, and very 
slightly ^‘hard.” 9. Soft shaly rock and sand. 10. No indication of surface- 
springs. 12. None knowm. 13. No. 14. No. Believe that one or two have, 
much nearer the Mersey tiian ours. The Board’s wells are about 2 miles inland. 

Mr. E. Timmiii'^, Engineer and Contractor, rtuncorn. 

1. Stock’s Well, Cronton, near Prescot. 2. 45 feet. 3. Shaft 60 feet deep, 10 
foot in diameter ; 1 boring 4 inches diameter, 407 feet deep ; 1 boring 24 inches dia- 
meter, 307 feet deep from surface. 4, Before pumping llows over at surface ; for- 
merly four hours (six years ago), now twelve hours \July 1875). 5. 800,000. 
6. It has diminished. 7. The yield of water increases after several days’ rain. 
The flood-water from brooks ” will rise to witliin 2 feet of top of well. The 
brook or sea has no influence upon the well. 8. The water is soft, very pure, and 


good for domestic purposes. 

ft. in. 

9. Soil 1 G 

Red clay with boulder-stones 28 6 

Light blue clunch 6 0 

The further sinking and boring soft red sandstone .... 371 0 

Total depth from surface 407 0 


10. No. 11. No. 12. None been ascertained. 13. No. 14. No. 15. None. 

Mr. E. Timmins. 

1. At the Iron Works, Garston. 2. About 16 feet. 3. Shaft 100 feet deep, 
7 feet diameter, and chambered at bottom to 14 feet diameter. One boring 6 inches 
diameter, 351 feet 6 inches from surface 4. Before pumping 10 feet from surface, 
after pumping 80 feet from surface, with bore-valve open ; eighteen hours before 
ordinary level is restored after pumps cease working. 5. 240,000. 6. The water- 
level varies, and has diminished. 7. The yield of water will increase after a 
month’s wet weather, and is not affected by the brooks or sea. 8. The water is 
moderately hard but very pure, and good for ordinary purposes. 


ft. in. 

Soil 1 0 

Red clay with boulder-stones IG 0 

The further sinking and boring red sandstone 334 6 


Total depth from surface 851 6 


10. No. 12. No. 13. None. 14. None. 15. None. 


* During pumping the water is about 35 feet from the surface. 
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Name of Member of Committee asking for information, Mr. C. E. DeEance, 

F.G.S. 

Name of Individual or Company applied to : — 

Mr. Matthew Brown. 

1 . Pole-Street Brewery, Preston, Lancashire. 2 . 123 feet. 3 . 90 feet, diameter 
4 feet. 4 . 12 feet 6 inches before, 6 feet 1 inch after, and rises to 12 feet 6 inches 
in 40 minutes. 6. 1015 gallons per hour. 6. No. 7 . No. 8. Cannot tell, inas- 
much as there is a small supply of water at a higher level than the main spring ; 
and this small supply when analyzed contained 30 per cent, of saline and mineral 
impurities, the mineral being chiefly iron ; and I estimate this small supply, apart 
from the main spring, would fill a pipe of 1 inch diameter, continually falling into 
the bottom spring or well. 12 . No. 13 . No. 14 . No. 15 . No. 

APPENDIX. 

The information collected by Mr. Moore, E.G.S., in the Bristol, Bath, and 
Eadstock coal-field, though not coming strictly within the limits of New Eed 
Sandstone inquiry (the water being chiefly derived from the red marls above it 
or the Coal-measures), is of interest, as showing the water-bearing properties 
of these strata. 

At Twcrton Coal-pit, Twerton, near Bath, 16,800 gallons of water are 
thrown out every 24 hours by a spring in the Lower Lias, at a depth of 
72 feet from the surface ; the water was found to contain 112*8 parts per 
100,000 of chloride of sodium, by Mr. Ekin, P.C.S., of Bath. 

At Braysdown Colliery, 500 yards in depth, a constant volume of water is 
met with, which Mr. Biggs found to contain 1008 grains of common salt per 
gallon, or 1440 grains per 100,000 : the water appears to be derived from 
the Coal-measures, and is very salt indeed. 

The wells in Bristol, Mr. Stoddart, E.G.S., reports to Mr. Moore are from 
60 to 300 feet in depth, situated on heights of from 10 to 200 feet above the 
sea-level ; but the water is derived either from the red marls or the Coal- 
measures lying beneath ; and some of the wells are reached by tidal water. 


On the Steering of Screw-Steamers, By Prof. Osborne Eeynolds. 

[A communication ordered by the General Committee to be printed in extenso.l 

Theke does not appear, as far as my observation goes, to be any particular 
difficulty in steering screw-steamers so long as they are going ahead under 
steam, but rather the other way ; they then seem to bo better to steer than 
almost any other class of ships. Great difficulty often occurs, however, when 
they are stopping, starting, or otherwise manoeuvring. Their vagaries are 
then so numerous as to give the idea that there is a certain degree of capri- 
ciousness and uncertainty about their behaviour. This is, of course, mere 
fancy ; and did we but know them, it is certain that there are laws 
which these steamers follow under all circumstances. In the hope of 
arriving at these laws, I have been investigating this subject now for twelve 
years as opportunity offered ; and I had come, as I thought, to some leading 
facts, when the failure of the ‘ Bessemer ’ to enter Calais Harbour on the 8th 
of May last seemed to establish them. 

It will be remembered that the ship entered between the piers at a speed 
of 12 or 13 knots, the tide running strong right across the mouth of the 
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harbour, that on. her entering between the piers the engines were reversed, 
and that the ship turned, under the influence of the current, in spite of her 
rudder ; so that Capt. Pittoch, in his letter to the ^ Times,' attributed the 
accident entirely to her failing to steer at the time. 

On reading of the accident I thought it would be a good opportunity to 
call attention to the subject of steering steamers ; and I wrote a paper, which 
was published in the ‘ Engineer' of June 4th, 1875, in which I explained 
why the act of stopping a ship must necessarily affect her power of steering — 
pointing out that when a sMp is stopping the water will be following her 
stem relatively faster than when she is moving uniformly, and consequently 
that the effect of the rudder will be diminished ; that the longer the ship 
the greater will be the difference ; also that this effect is greatly increased 
when a ship is stopping herself with her propellers, as was the ‘ Bessemer ' ; for 
then not only is the retardation of the vessel much more rapid, but the 
water has a forward motion imparted to it by the propellers, which motion, 
if the propellers are near the rudder, may be greater than that of the ship, 
under which circumstance the effect of the rudder’s action will be reversed. 
Since publishing this paper in the * Engineer ' I have carried the investiga- 
tion further ; and the object of the present paper is to give an account of 
some experiments on model boats driven by screws, and the conclusions to 
which these experiments have led me. 

Two models were used in making these experiments ; the one 2 ' G" long, 
driven by a spring, and the other 5 ' 6", driven by steam. In both models 
the rudders were broad in proportion to the boats. In the clockwork model 
the rudder was almost close to the screw, there being no stern-post. In 
the steam model there was a wide stern-post, and the rudder was an inch 
and a half behind the screw. 

Both boats went straight with their screws driving them ahead and with 
their rudders straight, and they both answered their rudders easily with 
their screws going, turning in circles of from four to six feet radius. When 
the screws were stopped and the boats carried on by their own way, they 
both answered their rudders, but much more slowly than when their screws 
were going, the smallest circle being now, as near as I could estimate, from 
twelve to fifteen feet radius. 

In order to try the effect of the screw when reversed on the steering of the 
spring-model, the model was towed by a cord attached (as shown in the accom- 
panying flgure) to a point T amidship about one third of her length from her 



stem, so that the towing had little or no tendency either to keep her straight 
or turn her. The nidder was then set at an angle of 45° or thereabouts, so 
as to turn her head to the right, towing was commenced, the boat turning in 
a circle to the right. The screw was then started in the reverse direction ; 
whereupon the boat ceased to turn to the right, and commenced turning to 
the left to an extent depending on the slowness with which she was being 
towed. When towed very quickly, at from two to three miles an hour, she 
came nearly straight forward, but at the fastest speed showed no tendency to 
turn to the right. 
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The rudder was then set so as to turn the boat to the left, and the opera- 
tion was repeated with very nearly corresponding results so long as the 
screw did not race ; but the action of the reversed screw on the rudder when 
set to the left was not so great as when set to the right. This difference 
led me to suppose that the screw itself might exert an influence to turn the 
boat to the left when it was reversed, although it had been found to exert no 
such influence when going ahead. This was at once shown to bo the case 
by setting the rudder^straight and starting the screw reversed ; the boat 
immediately turned to the left, but not fast unless the screw raced, then she 
turned very rapidly. 

These direct effects of the screw to turn the ship appear to me to account 
for several of the anomalies which have hitherto beset the subject ; and further 
on in the paper I shall discuss them at length. 

The steam model was provided with paddles as well as screw, and the 
screw could be reversed without reversing the paddles, in which case the 
paddles overpowered the screw, and the boat moved forward somewhat 
slowly. In this boat the screw was so deeply immersed that it would not 
race, and it had no direct effect to turn the boat when reversed like that of 
the spring model. 

When the screw was reversed and the boat drawn slowly forward by the 
paddles, the effect on the rudder was almost to destroy its action, it having 
only a slight power to turn the boat in the opposite direction to that in 
which it would have turned the boat had the screw been going ahead. 
Practically the boat had lost all power of steering. Coupled in this way 
with the paddles the screw turned but slowly, the engine being held up by 
the opposing actions. On releasing the paddles and allowing them to turn 
freely, and applying the whole power of the engine to the screw, the model 
behaved almost exactly as the spring model had done, showing when towed 
against the screw a strong tendency to turn in the opposite direction to that 
in which the rudder was sot. 

The screw was then set full speed ahead ; and when the boat had acquired 
way the rudder was set, so that she began to turn rapidly to the right ; the 
screw was then reversed, and by the time the boat had lost all forward way 
she had turned to the left through an angle of 30°, so great was the effect of 
the screw on the rudder when stopping the boat. 

This completed the list of the experiments, which, however, were repeated 
over and over again with exactly the same results. 

Conclusions to he dmwn from the exiieriments, — The general conclusion is 
that in screw-steamers the effect of the rudder depends on the direction of 
motion of the screw rather than on the direction of motion of the boat. Or 
we have the three following laws ; — 

1. That when the screw is going ahead the steamer will turn as if she 
were going ahead, whether she have stern-way on or not. 

2. That when the screw is reversed the rudder will act as if the vessel 
were going astern although she may be moving ahead. 

3. That the more rapidly the boat is moving in the opposite direction to 
that in which the screw is acting to drive it, the more nearly will the two 
effects on the rudder neutralize each other, and the less powerful will be its 
action. It would appear reasonable to suppose that a boat may move fast 
enough to overcome the effect of the reversal of the screw ; but this was not 
the case with the models. 

The effect of the screw to turn the boat independently of the rudder , — 
It seems to be supposed by some that a screw necessarily tends to forco 
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the stem of the boat in a direction opposite to that in which the tips of ite 
lower blades are mcvdng. This is undoubtedly the case when the screw is 
racing or acting in broken water (t. e, water mixed with air), also when the 
screw is not completely covered with water. When, however, the screw is 
properly immersed and is working in unbroken or continuous water, and is 
not affected by dead water, it has not the least tendency to move itself 
laterally whatever it may have on the ship. Under these circumstances the 
screw-shaft can exert no lateral pressure on its bearings ; and in ships with 
fine runs this is the case. 

Owing to the effect of the dead water, however, it may happen that even 
when the screw is properly immersed it will tend to move laterally. If the 
water be following the ship faster above than below (which it often is), the 
upper blades of the screw will have more work to do than the lower, and con- 
sequently they will have to meet with greater lateral resistance ; and hence 
upper and lower resistances will not balance, but there will be a lateral 
thrust transmitted to the bearings. 

Besides the lateral pressure which may be transmitted through the bear- 
ings, the screw may also tend to turn the ship by the lateral motion which 
it imparts to the water, which is again communicated to the ship or the 
rudder. If the form of the ship and the rudder were symmetrical above and 
below the screw-shaft, then the effect of tlic lateral motion which the screw 
imparts to the water below would exactly balance the effect above the screw- 
shaft ; but owing to the fact that the surface both of the ship and the rudder 
is in general much greater above than below, the water which is driven 
laterally by the upper blades has much more surface to act upon than that 
which is driven in the contrary direction by the lower blades, and therefore 
drives the stern of the ship laterally or tends to turn the ship. This effect 
is in the opposite direction to that which arises from the unequal rate at 
which the water is following the ship as long as both the ship and the screw 
are going ahead ; and consequently these two effects tend to counteract each 
other. When, however, the screw is reversed, and the vessel is still moving 
forwards, the two effects are in”conj unction ; and consequently they are more 
likely to become apparent and important. This was the case in the experi- 
ments with the spring model. When screwing ahead she went straight 
enough, but when towed ahead with the screw reversed she turned to the 
left. In this case the effect was small ; and I imagine that it must always be 
so, particularly when the ship has a fine run. In the steam model, of which 
the run is very fine, the screw- way very large, and the screw small (being 
only three inches while the boat draws five), the effect of the screw to turn 
the boat when not racing was altogether imperceptible. I conclude, there- 
fore, that these effects maybe left out of consideration with reference to 
steering ; and in opposition to a popular notion I derive law 4. 

4. That when not breaking the surface the screw has no considerable 
tendency to turn the ship so long as the rudder is straight. 

The effect of racing , — Although the direct effect of the screw is insig- 
nificant when it is not racing or breaking the surface, this is not the case 
when it is racing. It then exerts a very decided and important effect ; and it 
is doubtless experience of this which has given rise to the popular notion 
above referred to. 

In the experiments with the spring model when the screw was drawing 
air down, the stern always showed a tendency to move in the opposite 
direction to that in which the tips of the lower blades were moving, even 
when the boat was going ahead at full speed and the quantity of air very 
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small ; and when the screw regularly raced, frothing the water, its effect to 
turn the stern of the boat was very great. 

The screw of the steam model was so deeply immersed that it would not 
race ; hut if the stem of the boat was raised by a string it then raced, and the 
effect of the screw to turn the stern of the boat was the same as with the 
spring model. 

The screw of the spring model showed a much greater tendency to draw 
air when reversed (the boat being towed) than when it was driving the 
boat ahead; but its greatest tendency to race was when the boat was 
stationary, or nearly so. This latter tendency I have observed in large 
steamers ; in fact I have never seen a large steamer start or reverse her 
screw when moving but slowly without frothing the water. It appears, 
therefore, that the effect of racing on the steering may be stated in the fol- 
lowing laws : — 

5. That when the screw is frothing the water, or only partially immersed, 
it will have a tendency to turn the stern in the opposite direction to that in 
which the tips of the lower blades are moving. 

6. That when the boat is going ahead its effect will bo easily counter- 
acted by the rudder ; but when starting suddenly, either forward or back- 
ward, at first the effect of the screw will bo greater than that of the rudder, 
and the ship will turn accordingly. 

7. That if when the boat is going fast ahead the screw is reversed, at first 
it almost destroys the action of the rudder, what little effect it has being in 
the reverse direction to that in which it usually acts. If, then, the screw 
draws air or breaks the surface, it will exert a powerful influence to turn 
the ship. 

In accounts of collisions it may be frequently noticed that there is con- 
trary evidence given of the steering of one or both of the ships (if they both 
happen to be steamers). In the instance of the collision between the 
‘ Yille du Havre’ and the ‘ Loch Earn,’ the captain of the ' Loch Earn’ 
stated that the steamer altered her course almost at the last moment, thus 
rendering the collision inevitable. The officers of the steamer asserted that 
such was not the case; they state, however, that the screw was reversed just 
before the collision. In this case, therefore, the evidence is to show that the 
reversal of the screw caused the steamer to change her course, either by its 
direct effect or by its action on the rudder. The latter effect woidd bo 
sufficient to explain the facts ; and my experiments leave no doubt but that 
this must have taken place. With regard to the former I have no evidence ; 
although, considering that the ship was moving rapidly at the time, it seems 
probable that the screw may have raced on being reversed, and added its 
direct effect to turn the ship to its effect on her rudder. In this case, 
therefore, the reports of what took place are strictly in accordance with what 
was to be expected from my experiments ; and I think that from the light 
these throw upon the subject in many cases, the accounts may be less con- 
tradictory than they have hitherto appeared ; and I am in hopes that in the 
future these experiments may assist not only in the discovery of the causes 
of accidents, but, as these become recognized, in the prevention of the acci- 
dents themselves. 

As an illustation of how important a clear conception of the whole cir- 
cumstances of the effect of the screw on the rudder may be, I will read an 
account with which I have been kindly furnished by Mr. Henry Deacon ; 
from which account it appears that a ship was saved by a combination of 
accidents, which led to her being handled in tlie very manner in which she 
1875. L 
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would have been had the conduct of the officer in charge been governed by 
the laws laid down in this paper. 

Deacon says : — 

“ I have been reading your communication to tho ^ Engineer ’ of the 4th 
inst. about the ‘ Bessemer^a ’ steering, and think tho following narrative may 
have some interest for you. A friend of mine came from Bhiladelphia, U. S., 
early in May to Liverpool in the S.S. ‘ Ohio/ To avoid ice the vessel went 
out of her course 100 or 170 miles, and encountered very bad weather. Tho 
captain spent one or two days without taking off his clothes ; and whilst 
laying down one day, leaving the chief officer in command of tho deck, 
amongst fogs and rain, an iceberg was sighted right ahead and quite close 
when seen. The officer stopped and reversed tho engines, and put the helm 
hard round. The cessation of motion awoke tho captain, who rushed up 
the bridge. The excitement had spread, the officer’s orders had been strictly 
obeyed. The captain took all in at a glance, put the engines on ahead at 
full speed, and the ‘ Ohio,^ breaking through the thin ice always skirting 
the icebergs, passed so close to the solid mass, that my American friend, who 
is fond of horses and was on deck, says he could have struck the ice from the 
ship with a tandem whip. The captain afterwards explained the matter 
thus ; — tho steering-gear was the now usual parallel screws, i. e, exerting 
the least force when tho rudder is most moved, but of course retaining the 
rudder in any position with little or no effort. To put the rudder hard 
round when the ship is under full way and tho engines working is an almost 
physical impossibility ; but to put it hard round when the engines are stoj^ped, 
and especially to put it round when they are reversed, is comparatively easy. 
The chief officer's order, therefore, enabled the rudder to be put round to tho 
utmost ; ho both stopped and reversed the engines. The captain’s arrival 
and comprehension completed the manoeuvre. The ‘ way ’ was but slightly 
interrupted, but the helm was put hard round and tho ship turned from her 
course in the shortest possible distance. 

“ I have all this at second hand from my friend ; but this fact of the easy 
movement of the helm whilst tho ship was under way with the engines 
reversed appeared to bo one well understood ; and of course if no power be 
required to move the helm, no power can be exerted in steering the vessel ; 
and the whole tale seems to me so illustrative of j'our remarks on the 
* Bessemer/ that I venture to trouble you with it.” 


Second Report of the Committee on Combinations of Capital and Labour, 
consisting of Lord Houghton, D,C.L., FM.S* (Chairman) , Jacob 
Behrens, Thomas Brassey, M.P,, Frank P. Fellows, Archibald 
Hamilton, Professor Leone Levi, A. J. Mundella, M,P,, Wm. 
Newmarch, FM,S., Lord OHIagan, R. J. Inglis Palgrave, Pro- 
fessor Thorold Rogers. Drawn up by Professor Leone Levi, 
F,S.A,, F.S.S, 

Your Committee appointed to inquire into the economic effects of combi- 
nations of labourers or capitalists, and into the laws of economic science 
bearing on the principles on which such combinations are founded, have 
already stated in their preliminary Report, made last year, the course they 
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have thought fit to take in order to ascertain the exact views held by both 
employers and employed on the subject in question. Although the general 
objects of such combinations, whether of capitalists or labourers, are well 
known, both from the written rules which bind them together and from the 
action taken from time to time, your Committee have deemed it desirable to 
come into personal contact with some representative men from both classes, 
with a view of finding whether they do now stand by the rules of their Unions 
and how far they are prepared to defend them ; and for that purpose your 
Committee resolved to hold a consultative private conference of employers and 
employed in the presence of the members of the Committee, where they might 
discuss the questions involved in the resolution of the British Association, 
with a view of reporting thereon to the same. The points more especially 
inquired into were the following: — 

1st. What determines the minimum rate of wages ? 

2nd. Can that minimum rate be uniform in any trade ? and can that uni- 
formity be enforced ? 

3rd. Is combination capable of affecting the rate of wages, whether in 
favour of employers or employed ? 

4th. Can an artificial restriction of labour or of capital beP^ economically 
right or beneficial under any circumstances ? 

Eor the discussion of these questions your Committee had the advantage 
of bringing together a deputation from the National Pederation of Associated 
Employers of Labour, consisting of Messrs, li. E. Jackson, M. A, Brown, H. E. 
Greg, Joseph Simpson, J. A. Marshall, E. Hannen, and Henry Whitworth ; 
as representing labour — Messrs. Henry Broadhurst, Daniel Guile, George 
Howell, Lloyd Jones, George Potter, and Eobert Newton (Mr. Macdonald, 
M.P., and Mr. Burt, M.P., having been prevented from attending) ; and on 
the part of your Committee, Lord Houghton, Professor Eogers, Mr. Samuel 
Brown, Mr. W. A. Hamilton, Mr. Frank Fellows, and Professor Leone Levi 
were present. 

Many are the works and documents bearing on the questions at Issue, 
Of an official character we have the Eeport of the Eoyal Commission ap- 
pointed “ to inquire into and report upon the organization and rules of trade- 
unions and other associations, whether of workmen and employers, and to 
inquire into and report on the effects produced by such trade-unions and 
associations on the workmen and employers and on the relations between 
workmen and employers and on the trade and industry of the country.’^ Of 
an unofficial character we have the Eeport of the Committee of the Social 
Science Association on the objects and constitution of trade-societies, with 
their effects upon wages and upon the industry and commerce of the country.^' 
Of special works we have the late lamented Professor Cairncs’s ‘ Leading 
Principles of Political Economy,^ Mr. Thomas Brassey’s ‘Work and Wages,’ 
and Professor Leone Levi’s ‘ Wages and Jilarnings of the Working Classes.’ 

The chief functions of combinations, whether of capital or labour, being to 
operate on wages, your Committee were anxious to ascertain by what 
criterion the parties interested ordinarily judge of the sufficiency or insuf- 
Rciency of existing wages. The first test of the sufficiency of wages is the 
relation they bear to the cost of the necessaries of life. “ The minimum of 
wages,” said Prof. Eogers, “ is the barest possible amount upon which a 
workman can bo maintained; that which, under the most unfavourable cir- 
mmstanccs, a man is able to obtain.” But the minimum thus estimated can 
Duly be, and is, submitted to under circumstances of extreme necessity. 

‘ I believe the minimum rate of wages,” said one of the representatives of 

l2 
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labour, ‘‘ is that which, under the worst circumstances, the worst workman 
gets from the worst master.” We cannot, therefore, take the minimum rates so 
considered as a proper basis for the sufficiency pf wages. How far insufficient 
wages in relation to the cost of living in the United Kingdom is a cause of the 
large emigration which is taking place from year to year it is not possible to 
establish ; but doubtless the prospect held out in the distant colonics and 
in the United States of America of considerable improvement has been for 
some time past, and still is, a strong inducement to those in receipt of insuf- 
ficient wages in this country to emigrate to other lands. Your Committee 
are desirous to point out in connexion with this question that not only has 
the cost of some of the principal necessaries of life greatly risen within the 
last twenty years f, but that, in consequence of the general increase of 
comfort and luxury, many articles of food, drink, and dress { must now bo 
counted as necessaries which some years ago wore far beyond the reach of 
the labouring classes ; whilst house-rent, especially adapted for the labouring 
classes, is considerably dearer. If, therefore, the cost of living be taken as a 
guide to the rate of wages, it would not be enough to take into account the 
cost of the mere necessaries of life. A higher standard of living having been 
established, if is indispensable to compare the wages of labour with such 
higher standard. Your Committee arc not satisfied, however, that it is pos- 
sible to regulate wages according to the scale of comfort or luxury which may 
be introduced among the people, and arc compelled to assert that it is an 
utter fallacy to imagine that wages will rise or fall in relation to tho cost 
of such supposed necessaries or indulgences. 

A better test of the sufficiency of wages is tho relation they bear to the 
state of tho labour-market ; and tested by that standard the minimum rate 
of wages which workmen are at any time prepared to accept is the least 
which they think they arc entitled to have under existiug circumstances, the 

* The average number of emigrants in tho last ton years from the United Kingdom, 
from 1802 to 1873, was 230,000 })or annum. In 1873 the total number was 310,012, and 
in 1874 241,014. The emigration to the United )States decreased Irom 233,073 m 1873, 
to 148,101 in 1874. 

t Tho prices of the principal articles of food in the five years from 1852 to 1850 and 
1868 to 1872 are shown in the following Table . — 



Wheat. 

Mutton 

Beef. 

Potatoes. 
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Cheese. 

Tea. 

Sugar. 

1852-56 

1868-72 

1873 .. 

1874 ... 
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62 0 
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58 8 

55 8 
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d. 
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0 35 
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0*50 
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d. 

5'10 
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0o9 

loral of ] 
rriages. 

per ton. 
s. 

105 
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140 

Births, 

1850-58 
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per lb. 

d. 

1141 
10 38 

t of Loca 

per lb. 
d. 

0-50 

0 

1 Govern 

per lb. 
s. d. 

2 10 

1 0 

ment Bo 

per lb. 
s. d. 

0 5 

0 3i 

ard. 


J The consumption of articles of food and drink per head in 1864, 1873, and 1874 was : — 



Bacon. 

Cheese. 

Bice. 

Sugar. 

Tobacco. 

Wine. 

Malt. ^ 

Home 

Spirits. 

Foreign 

Spirits. 


lbs. 

lbs. 

lbs. 

lbs. 

lb. 

gal. 

bush. 

gal. 

gal. 

1884 ... 

3 77 

3-13 

5-72 

36 83 

1-29 

0 39 

1*75 

0 69 

0-21 

1873 ... 

9-07 

409 

11-37 

51*59 

1-41 

0*56 

1*98 

0 91 

032 

1874 .. 

7-84 

5-03 

10-18 

5637 

1-44 

0*53 

1*94 

0*94 

0 32 
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trade-unions guiding tliem as to the state of trade and ilic value of labour at 
the time. Unfortunately, however, what workmen think themselves entitled 
to have does not always correspond with what employers find themselves 
able to grant. Primarily the wages of labour are determined by the 
amount of capital available for the purposes of wages in relation to the 
number of labourers competing for the same. But the amount of capital 
employed in any industry is itself governed by considerations of tho relation 
of the cost of production to tho market-price of the produce (that is, to tho 
price which the consumer is able or willing to give for tho same) — the cost 
of production including the cost of materials, the value of capital, the cost 
of superintendence, and the wages of labour. 

Objection was taken at the Conference to this method for arriving at 
the rate of wages ; and it was urged that instead of taking tho price of the 
article produced or the interest of the consumer as the basis of the calcula- 
tion, the first ingredient in the cost of the article should be the price to bo 
paid to tho workman in producing it. But a serious consideration will show 
that the employer cannot ignore what the consumer can or will pay any 
more than tho share which the value of capital, tho cost of superintendence, 
and the cost of the materials have upon the cost of production ; for he must 
cease producing altogether if he cannot both meet tho ability of tho con- 
sumer to purchase his article and successfully compete with the producers of 
other countries. Your Committee think that it is not in the power of the 
employer to control the proportion of the different elements in tho cost of 
production, each of them being governed by circumstances peculiar to itself. 
The value of capital as well as tho value of the raw materials are regulated 
by tlic law of supply and demand, not only in this country but in tho prin- 
cipal markets of the world. The cost of superintendence and tho wages of 
labour are likewise governed by the relation of the amount of capital to tho 
number seeking to share in the different employments. The employed say, 
“ We must have certain wages. AVc care for nothing else. Labour is our 
property. We set our value upon it. If you will have our labour you must 
pay ^vhat w^e ask for it ; and if such wages should require a rise in the 
market-price let the consumer pay it.” What, however, if the consumer will 
not or cannot pay sufficient j)rice to enable tho employer to pay sucli wages ? 
What if he can get the article cheaper elsewhere ? Must not production 
cease if there bo no market ? And wdiere will be tho wages if there be no 
production ? IS'or sliould it be forgotten that a general rise of wages pro- 
duciug an increase of tho cost of all the commodities of life reacts on tho 
masses of the people, and thus far neutralizes the benefit of higher wages. 

Disagreements between employers and employed are often produced on the 
subject of wages by the fact that all tho elements of the case are not within 
the cognizance of both parties, experience showing that, in making a demand 
for an advance of w^ages or for resisting a fall, workmen are of necessity 
groping in the dark as to the real circumstances of the case. One of the 
chief advantages supposed to result from the organization of trado-unions is 
the competency of their leaders to give solid and practical advice to those 
interested as to the condition of tho labour-market ; and wo have no doubt 
that this duty is in the main honestly performed ; but it is very much to 
expect that such leaders should universally possess large and liberal views 
enough to vindicate the exercise of their enormous power, and such constant 
and accurate knowledge of the various facts of the case as would enable 
them to be an almost infallible authority. On tho other hand, were it 
possible for employers, who are not in the dark in such matters, to make 
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known to their own workmen the grounds of the action they propose taking 
before the resolve is carried into execution, your Committee are convinced 
that many disputes would bo avoided, and much of the jealousy which now 
exists between the parties would be removed. The recent lock-out in South 
Wales illustrated the need of such a course. Had the facts which Lord 
Aberdare elicited from the principal colliery firms in Glamorganshire been 
made known previous to or simultaneously with the notice of a fall, it is a 
question whether such a widespread calamity would have occurred. It is, 
perhaps, a natural but unfortunate circumstance that employers are seldom 
found to take the initiative in allowing a rise in wages when the state of the 
market permits it as they are in the case of a fall, and spontaneously to ofier 
what they must sooner or later bo compelled to grant. A more prompt and 
politic course on their part in this matter would go far to neutralize the 
hostile action of trade-unions. 

Your Committee were anxious to ascertain how far is it in the mind of 
the employed that the employers obtain for themselves too large a share 
of profits at their expense. Your Committee were assured that no such 
doubts are entertained, tliongh cases were produced supporting such sus- 
picions by reference to the time of the great rise in the price of coals in 1873, 
when workmen’s wages did not, in the opinion of the representatives of 
labour, rise to any thing like the proportion of the masters’ profits Your 
Committee admit that in cases of great oscillations in prices, the share par- 
ticipated either by the employers in the shape of profits, or by the employed 
in the shape of wages, may be for a time greater or loss than their normal 
distribution would justify. And it is possible that some portions of these 
extra profits may be unproductively spent or so employed as not to benefit 
the parties more immediately concerned, and even used in totally alien 
speculations. Yet, in the main, the working classes must receive, in one 
way or another, a considerable advantage from them, there being no doubt 
that the largest portion of such extra profits will bo reinvested in the 
ordinary industries of the country. In the end, however, wages and profits 
will be divided among the producers in proper proportions ; and if at any 
time profits or wages should be larger than they ought to be, we may bo 
quite sure that ere long the competition of capitalists will tend either to the 
lowering of prices or the raising of wages, so as to make profits and wages 
gravitate towards each other. 

Immediately allied to the question of the determination of a minimum of 
wages is that of their uniformity. In the opinion of many trade-unions, all 
workmen of average ability in any trade should earn the same wages, the 
average ability of each man being understood to have been determined in 
advance by the fact of his being admitted as a member of the union. But a 
man is subject to no examination, and is generally admitted upon the tes- 
timony of those who have worked with him, wdioso evidence must fre- 
quently be fallacious and insufficient. Nor does it appear that the rejection 
is absolutely certain even if the applicant should not be deemed a man of 
average ability, the acceptance or rejection of the party being always 
optional with the lodge to which ho is introduced. \hur Committee are 
therefore not satisfied that any guarantees exist that every member of a 

* Mr. Halliday's eyidence before the Committee of the House of Commons on coals was 
that, though the fusiom was to give to workmen a portion of any rise of prices in the 
shape of uicreasing wages, the proportion being an additional 2d. a day for every 10(5?. a 
ton, the rise in wages was often \d. per ton only, and sometimes nothing, whilst when the 
price ^ose 2s. Oc?. to 5s. a ton, the wages were only increased 3d. a day. 
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union is able to earn a fair day’s wages for a fair day’s work ; and they 
cannot, therefore, agree in the proposition that all workmen should be 
entitled to uniform wages on the ground of uniform ability. But another 
reason has been alleged for the uniformity of wages, which is still less 
tenable than the former, viz. a supposed uniformity of production independent 
of skill. The right of the workman to a uniform standard of wages was 
stated to bo the production of an article which, though demanding less skill 
to perform, is of equal utility, and is proportionally as profitable to the 
employer. Your Committee must, however, entirely demur to the principle 
that, in the apportionment of wages, no account should bo taken of the skill 
brought to bear on the execution of the task, since a system of that nature 
would act as a premium on inferiority of workmanship. Again, by another 
test should the right of each individual to earn certain wages bo determined, 
and that is by his productive capacity. Professor Levi asked whether that 
was taken into account when the workman was assumed to be of average 
ability ; and the answer was that the amount of production depended largely 
upon the skill. “ The more skilful a man is the more he will produce.” 
But whilst in so far this answer was correct, it contradicted the principle 
embodied in the preceding test ; the answer itself did not take sufilciently 
into account that skill is not the only element in effectiveness of labour. 
There are qualities of mind, judgment, and even of heart, disposition, and of 
moral character, which go far to increase or diminish the efficiency of labour ; 
and of such qualities the employer is, of necessity, a far bettor judge than 
any union can be. That under ordinary circumstances wages in any trade 
should tend to uniformity is quite possible. The facility of communication 
and the extension of intercourse of necessity equalize prices and wages ; but 
any attempt to compel uniformity of wages among any largo number of men 
of varied capacity must of necessity prove a source of disappointment. 
Much, again, may be said in favour of a common standard of wages in any 
industry, as avoiding the embarrassment necessarily encountered in any 
attempt to adjust the rate to the exact worth of each individual. Yot it is 
impossible to ignore the fact that whilst a uniform rate is sure to operate 
unjustly in favour of persons who may bo wanting in fairness of dealing or 
capacity for workmanship, in the nature of things it is almost incapable to 
exist over a wide area, having regard to the varieties in the prices of fuel, 
carriage, house accommodation, or of the means of livelihood, as well as in 
the cost of raw materials and in the processes employed as affecting the 
rate of production of each individual. On the whole, your Committee find 
that an absolute uniformity in the rate of w«ages in any trade, though to a 
certain extent convenient, is neither just nor practicable, whilst any effort 
to compel uniformity in the amount of earnings of any number of individuals 
must prove fallacious and wrong as an illegitimate interference with the rights 
of industry. 

A still more important question in connexion with the subject is how far 
combination of any kind can affect permanently or temporarily the rate of 
wages. Upon this, as might be expected, the most divergent opinions are 
held by the representatives of capital and labour. The employers of labour, 
standing on the solid principles of political economy, deny that combinations 
can, under any circumstances, affect the rates of wages, at least in any per- 
manent manner — the argument adduced being that if workmen are entitled 
to higher wages they are sure to get them, since, under the law of supply 
and demand, whenever it is found that profits trench unduly upon wages 
fresh capital is sure to be introduced wfiich provides for the raising of wages. 
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The employed, on the other hand, confidently appeal to past experience, and 
point to the fact that almost every increase of wages has been duo to the 
action of trade-unions. They say that without combination workmen 
cannot secure the market-price of their labour, but are to a certain extent at 
the mercy of their employers ; that in trades where one establishment 
employs a large number of workmen the employers can discharge a single 
workman with comparatively slight inconvenience, while the workman loses 
his whole means of subsistence ; that without the machinery of com- 
bination the workmen, being dependent upon their daily work for their daily 
bread, cannot hold on for a market. 

Your Committee arc not prepared to deny that combinations can render 
useful service in matters of wages ; but they think that it is impossible for 
them to frustrate or alter the operations of the laws of supply and demand, 
and thereby to affect permanently the rates of wages. Combinations may 
hasten the action of those laws which would undoubtedly, though perhaps 
more slowly, operate their own results. The limited power of combinations 
is in effect admitted by the workmen themselves. We do not say,” said 
one of the workmen’s representatives, “ that trade-unions can absolutely 
interfere with supply and demand, because when trade is very bad they 
cannot obtain the standard ; when it is good they easily raise the standard. 
What they do is, they enable workmen sooner to strike at the right time for 
a general advance. They got the advance sooner than if they were an 
undisciplined mob, having no common understanding; and when trade is 
receding, the common understanding enables workmen to resist the pressure 
put upon them by their employers. It helps them in both ways, and tho 
workmen find they can act together beneficially.” Tho ground here taken 
by tho working men is not at variance with sound economic principles. 
But there is yet another way in which trade-unions may prove useful, and 
that is by rendering wages more sensitive to the ’action of tho state of the 
market, and so preventing the influence of custom to stand in the way of 
tho operation of supply and demand ; for there are such occupations, as 
agriculture, where custom often exorcises imperious rule even upon wages. 
As it has been well said by M. Eatbie, Wages do not change unless tho 
causes for tho change exercise a strong influence. If the conditions of supply 
and demand do not undergo a great change, wages continue the same by 
the simple force of custom. The variations of wages are not like those of 
a thermometer, where the least clouds are marked, where one can read the 
smallest changes of temperature. They may rather bo compared to those 
bodies which do not become heated except under the action of an elevated 
temperature, and remain quite insensible to the slight modifications of tho 
atmosphere. Until a great perturbation takes place in the conditions of 
supply and demand, no one would think of changing the rate of wages ” 
After making every allowance your Committee cannot admit that combinations 
have any power either to raise permanently the rate of wages or to prevent 
their fall when the conditions of trade require tho same, as recent experience 
abundantly shows ; and whilst admitting that combinations may be bene- 
ficial in accelerating tho action of economic laws, your Committee cannot be 
blind to the fact that they produce a state of irritation and discontent which 
often interferes with the progress of production. 

Limited as is tho power of combinations to affect the rates of wages, still 
more limited is their power to affiget materially the progress of productive 
industry. The Iloyal Commission on Trade-Unions reported that it was 

* See M. Batbie’e article on “ Salaires ” in Bloek’s ‘ Diotionnaire de la Politique.* 
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extremely difficult to determine how far unions have impeded the develop- 
ment of trade, whether by simply raising prices or by diverting trade from 
certain districts, or from this to foreign countries. The representatives of 
capital at the Conference alluded to endeavoured to prove that certain 
branches of trade have permanently been injured by the unions. "Whether 
the fact can bo established or not, it is undeniable that British trade has 
enormously increased within the last twenty years, and that the exports of 
manufactured goods are on a larger scale now than they were at any former 
period 

What is perhaps most objectionable in combinations of labour is the 
method they often pursue in order to operate on the rates of wages ; for they 
are not content with making a collective demand on employers for a rise, 
but endeavour to force it, or resist a fall, by restricting the supply of labour 
and increasing the need of it. One such method, explained at the Con- 
ference, seems to your Committee peculiarly objectionable. A representative 
of labour said, ‘‘ That when depression of trade comes, by moans of associated 
funds, the men are liable to say to the surplus labourers ‘ stand on one side, 
you are not wanted for the time being ; if you go on with your labour at 
half price, it will not mend the trade : wo will not let you become a drug on 
the market, putting every other man down, but wo will sustain you.’ ” In 
three years, your Committee were informed, over .£100,000 was thus paid 
for unemployed labour, in the hope that undue fall in wages would bo pre- 
vented by keeping labourers out of the market. Your Committee are of 
opinion that the artificial prevention of a fall of wages, when such a fall is 
necessary and inevitable, is economically wrong, and can only have the effect 
of still more injuring the condition of workmen, since by so doing they only 
throw hindrances in the way of production, which is the parent of all wages. 
Equally objectionable in your Committee’s opinion, as interfering with the 
freedom of labour and with the general economy of production, is every regu- 
lation of such trade-unions that excludes from employment in the trades all 
who have not been regularly apprenticed, or any rule which should set a 
limit to the number of apprentices. Professor Cairnes, commenting on the 
monopoly thus advocated by trade-unions, said, “ It is a monopoly, more- 
over, founded on no principle either of moral desert or of industrial effi- 
ciency, but simply on chance or arbitrary selection ; and which, therefore, 
cannot but exert a demoralizing influence on all who come within its scope — 
in all its aspects presenting an ungracious contrast to all that is best and 
most generous in the spirit of modem democracy.” 

The only other question on which your Committee will report is whether 
an artificial restriction of labour or of capital can, under any circumstances, 
be economically right or beneficial. It is, indeed, scarcely necessary to say 
that any restriction of labour or of capital having the effect of limiting pro- 

The following were the quantities of some of the principal articles of British pro- 
duce and manufacture exported from the United Kingdom in 1854 and 1874 : — 


Increase. 

1854. 1874. per cent. 

Coal and coke 4,309,000 tons. 13,927,000 223 

Copper 274,000 cwts. 709,000 159 

Cotton yarn 147,128,000 lbs. 220,599,000 49 

Cotton manufacture 1,092,899,000 yds. 3,606,639,000 113 

Iron 1,175,000 tons. 2,487,000 112 

Worsted manufacture 133,000,000 yds. 261,000,000 71 


The total value of British produce exported increased from £135,891,000 in 1860 t<» 
£239,558,000 in 1874, or at the rate of 76 per cent. 
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duotion, must of necessity prove injurious. Yet it may be a point for con- 
sideration whether, under certain circumstances, it may not be better for 
cither labour or capital to submit to the evil of restriction, in order to avoid 
a still greater evil, of producing at a loss, or working at rates of wages not 
sufficiently remunerative. The labourers justify their proceedings in this 
respect by reference to the practice of producers. One of the representatives 
of labour, speaking on this subject, said : — No doubt there is not a working 
man in Lancashire who would not say that limitation was an injury. Gene- 
rally that there should be the largest possible production in a given time is 
no doubt a true law ; but every trade must regulate that according to its own 
necessities. The ironmaster blows out his furnaces when an increased pro- 
duction would injure ; the cotton manufacturer runs his manufactory short 
time ; and the labourer limits the production.’’ There is little or no difference 
in the relative position of capital and labour as respects their need of con- 
tinuous production. Primarily both employer and employed alike depend 
upon production as the only source for profits and wages. Whilst the em- 
ployers have the maximum interest in producing as much as possible, from 
the fact that the fixed capital, which they cannot withdraw, would lie dor- 
mant and unproductive while the forge or mill is silent, the employed find it 
their interest to aid in such production, inasmuch as they depend upon it for 
their moans of subsistence. The argument of the employed against a pro- 
posal for a reduction of wages is expressed in the words : — If you have too 
much of an article in the market and you cannot sell, I would rather limit 
the quantity in your hands than aggravate the evil and take less money for 
it.” But by refusing to work when the employer is able or willing to con- 
tinue producing, or by not submitting himself to accept lower wages when 
the inevitable law of supply and demand compels the same, the employed 
only aggravates his own position, whilst ho places the employer in a still 
worse strait ; the certain consequence of the withdrawal of labour being to 
discourage production, to enhance the cost, and to increase the difficulty of 
foreign competition — injurious alike to the producer and to the whole com- 
munity, 

A frequent source of contention between employers and employed is the 
mode of paying wages, viz. by time, such as by the day or hour, or by 
piecework. There appears to bo no uniform practice on the subject. While 
in some branches of industry the rule is to pay wages by piecework, in other 
branches the rule is to pay by time — the reason probably being that w^hilst in 
some branches it is easy to establish a scale of prices at which the work is to 
be paid for, in other branches such a scale could not easily bo framed. In so 
far as the method of payment can bo considered to affect production, it seems 
to your Committo that whilst payment by piecework is likely to promote 
quantity of production, j)ayment by time is more likely to promote precision 
of execution. Your Committee cannot believe, what has often been alleged, 
that payment by piecework is often offered to conceal any reduction of wages. 
If honestly acted upon on either side, payment by piecework has, in the 
opinion of your Committee, all the elements of fair justice. But the ques- 
tion in any case is not of sufficient importance to justify a breach of the 
friendly relation which should exist between capital and labour. When 
either party has any decided preference for one system, it seems advisable 
that the other party should accept the same. 

The economic effects of strikes and lock-ouis are well known, and it matters 
but little which party in the contest in the end may prove successful. In 
recent years strikes and lock-outs have occurred among coal- and iro n-miners 
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tho building-trade, engineers, the cotton-trade, ship-builders, and most of the 
trades and industries of the country, each and all of which have caused 
serious losses on tho community at large. In the opinion of your Committee 
a well-devised system of conciliation is the only proper and legitimate 
method of solving labour-disputes. And your Committee cannot too strongly 
express their sense of the grave responsibility which rests on either employers 
or employed when, regardless of consequences, they resort to a stop so vexa- 
tious and destructive as a strike or lock-out. 

Your Committee are of opinion that tho British Association will confer a 
lasting benefit if, on its pilgrimage in the principal industrial towns in the 
United Kingdom, it will seize every opportunity for the enunciation of sound 
lessons of Bolitical Economy on tho questions in agitation between employers 
and employed. It was suggested to your Committee that workmen should 
be admitted to tho meetings of Section E at a reduced rate. Your Committee 
desire to point out the importance of promoting, as far as possible, the study of 
political economy, and especially of those branches of industrial economy which 
most intimately concern the industry, manufactures, and commerce of tho 
country. Your Committee have learned with pleasure that tho Cobden Club are 
prepared to ofi’or some encouragement for tho teaching of political economy to 
tho labouring classes ; and your Committee would suggest that the Chambers 
of Commerce might advantageously take similar means in tho great centres 
of commerce and manufacture. In the opinion of your Committee, a proper 
sense of the necessity and utility of continuous labour, an earnest desire for 
tho achievement of excellence in workmanship in every branch of industry, 
and a keen and lively interest on the part* of one and all to promote national 
prosperity, are the best safeguards against tho continuance of those dis- 
turbances between capital and labour which have of late become of such 
hindrance to successful production. In tho great contest which Britain has 
to wage with other industrial nations, it is tho interest of both masters and 
men to bo very careful lest, by raising the prices of British produce and 
manufacture too high, they should no longer bo able to carry tho palm in tho 
arena of international competition. 

Your Committee regret the death of their much esteemed member Mr. 
Samuel Brown, who took an active part in tho proceedings. Professor 
Fawcett, M.P., was unable to act. But your Committee have pleasure in 
reporting that tho Eight Hon. Lord O’Hagan, Mr. Thomas Brassoy, M.P., 
and Mr. A. J, Mundella, M.P., were added to tho Committee, 


Second Report of the Committee, consisting of , Chandler Egberts, 
Dr. Mills, Dr. Boycott, A. W. Gadesden, and J. S. Sellon, 
appointed for the purpose of inquiring into the Method of making 
Gold-assays, and of stating the Results thereof Drawn up by W. 
Chandler Egberts, F.R,S,, Secretary, 

In their last Eeport tho Committee stated that portions of tho gold plate, 
which had been so long in course of preparation, had been sent to various 
distinguished chemists on the continent and in America. 

Hevoral Ileports have been received, all of which confirm tho favourable 
opinion tho Committee expressed as to tho purity of the plate. Towards the 
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close of the year the Secretary visited M. Stas in Brussels, and received 
from him details of the experiments which he had made in testing the metal, 
the results proving that the plate contained 999*95 parts of pure gold in 
1000. The minute trace of foreign matter which is admixed with the gold 
was probably derived from the clay crucible in which the finely divided metal 
was melted. Mr. J. Norman Lockyer, F.E.S., has photographed the violet 
and ultra-violet parts of the spectrum produced by the electric arc when 
pieces of this gold are employed as terminals, side by side with the solar 
spectrum ; and the result proves that neither silver, copper, nor iron, the 
metals which might have been expected to be present, exists in sufficient 
quantity to be detected by the spectroscope. 

With the completion of this standard plate an important step has been 
made in that a common ctandard for reference has been secured. With 
regard to the discrepancies between the results of different assayers, the 
Committee propose to collect evidence in the hope of being able to ascertain 
whether the causes of difference are introduced at the second or fourth 
stages of the operation, or, in other words, in the furnace or while parting 
with acid. 


Eighth Report of the Committee , consistwg ^^Prof. Everett, Sir W, 
Thomson, FJl.S., Prof. J. Ceerk Maxwell, F.R.S., G. J. Symons, 
F.M.S.j Prof. Kamsay, F.R.S., Prof. A. Geikie, F.R.S., James 
Glaisher, F.R,S,, llcv. Dr. Graham, George Maw, F.G.S., W. 
Pengelly, FM.S.j S. j. Mackie, F.G.S., Prof. Hull, F.R.S,, 
Prof. Ansted, F.R.S., Prof. Prestwich, F.R,S., and C. Le Neve 
Poster, appointed for the purpose of investigating the Rate of 
Increase of Undeground Temperature downwards in various Locali- 
ties of Dry Land and under Water. Drawn up by Prof, Everett, 
Secretary, 

The supposed difficulties in the way of obtaining observations of temperature 
in the St.-Gothard tunnel have vanished of themselves. On a recent visit to 
the tunnel, your Secretary had the pleasure of meeting Dr. Stapff, who has 
for two years filled the post of official geologist to the “ Direction ” of the 
Gothard Kailway, and has in that capacity made the temperature of the tunnel 
a special object of investigation. Dr. Stapff ’s observations are contained in 
successive numbers of the Monthly and Quarterly Keports of the Chief 
Engineer to the Direction,” and of the Swiss Government Engineer to the 
subventing States, on the progress of the Gothard Kailway. A paper on the 
subject was read by Dr. Stapff at a recent meeting of the Swiss Society of 
Naturalists held at Andermatt in the immediate neighbourhood of the tunnel ; 
and an abstract of it has been kindly communicated by him to the Secretary, 
accompanied with tables and diagrams. 

Dr. Stapffs observations were of three kinds : — 

I. Observations of rock-temperature, made with verj^ long thermometers, 
inserted in horizontal bore-holes, of depth not exceeding one metre, in the sides 
of the tunnel. The air was excluded by a firm plugging of taUow all along 
the stem, which was of such length that the scale projected into the air and 
could be read without disturbing the instrument. They were graduated to 
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0*2 of a degree Centigrade, and read by estimation to 0*05, all necessary cor- 
rections being applied, including a correction for temperature of stem. The 
index-errors were known from comparison with standards, attention being 
paid to the difference between the reading in a vertical and in a horizontal 
position, which, on account of the great length of the column of mercury 
and consequent pressure on the interior of the bulb, amounted to about half 
a degree. As the thermometers were costly, and were very liable to bo 
broken in the process of extraction, these rock- observations were compara- 
tively few. 

One of the Committee’s protected Negretti maximum thermometers was 
left by the Secretary with Dr. Stapff, and has been used by him for verifying 
some of his previous observations, the thermometer being pushed to the 
bottom of the hole, with a cord attached, and the hole being then tightly 
plugged with rags and tallow. 

A minimum thermometer wmuld have been more appropriate, as the rock 
was colder than the air ; but the llutherford’s minimum which the >Secrctary 
had provided was too largo for the holes. Besides, it is doubtful whether 
the index could be trusted to retain its place during the extraction of the 
thermometer. The extreme slowness of action of the protected IN’egretti 
maximum was the one quality which rendered its use possible, and a non- 
registering thermometer possessing the same characteristic would be more 
appropriate. It was accordingly agreed between Dr. 8tapff and the Secretary 
that a new pattern of non-registering thermometer should be constructed 
with a special view to slowuioss of action. This end is to be attained by sur- 
rounding the bulb with tallow or some other non-conducting solid, the whole 
being inclosed in a sealed glass tube. [Six thermometers on this plan have 
since been constructed by N’egretti and Zambra, and two of them, after satis- 
factory trials, were forwarded by the Secretary to Dr. Stapff on the 1st of 
November.] 

II. Observations of air-temperature in the tunnel. The air is artificially 
warmed by the presence of the -workmen, by their lamps, and by blasting ; 
and, on the other hand, is cooled by the escape of the compressed air from 
the boring-engines. Dr. Stapff states that, notwithstanding those disturbing 
influences, he gradually fell into a uniform system of observing air-tempe- 
raturo, so that the mean results obtained w^ere useful.” He further found 
that the mean air-temperature thus determined at any point when first laid 
open by the driving forward of the narrow gallery (to bo afterwards widened) 
was identical (to a fraction of a degree) with the rock- temperature afterwards 
observed at the same point at the depth of a metre in the walls. For ex- 
ample, at the distance of 800 metres from the Swiss portal the rock-tempera- 
ture, 1 metre deep, was 17°’85, the mean air-temperature when first observed 
having been 17°*80. Again, at the distance of 1443 metres from the Swdss 
portal the rock-temperature, 1 metre deep, was 18°T6 ; the mean air-tem- 
perature when the heading had just advanced to this point was 17^*29, the 
temperature at the same time from 20 to 40 metres further back being 18°*35. 
The last observations made at the Italian end on the occasion of the verifica- 
tion of the axis of the tunnel confirm this conclusion as to the approximate 
identity of the air-temperature in the extreme end of the heading with the 
temperature of the surrounding rock. 

III. Observations of the temperature of springs. In the S-wiss portion, 
up to the date of the Secretary’s visit, there were no springs of any account ; 
but in the Italian portion they are numerous. When water-filled crevices 
(in the Italian portion) are first bored through, the water issues with the 



158 


KEPORT — 1875. 


velocity due to a height of some 2 or 8 metres ; but as soon as such a cleft 
is totally opened, the water runs down all around the perimeter of the gallery 
without showing signs of pressure. Springs from the bottom (which are by 
no means rare) have never shown signs of pressure. 

The temperature of springs is higher when they are first tapped than at any 
subsequent period. The springs at the distance of from 780 to 820 metres 
from the Italian portal fell, in the first fourteen days, from 10°’52 to 9°‘75 C., 
and those at the distance of fi:om 1495 to 1500 metres from the Swiss portal, 
which had a temperature of 17°*1 when tapped in November 1874, have now 
fallen to 16°-2, after the lapse of ten months. 

The temperature of springs, even when first tapped, is lower than that of 
the surrounding rock. The average amount of this difference for the first 
2200 metres from the Italian portal was 3°*14 C. In the first 1200 metros 
it was generally greater, and in the remaining 1000 metres always loss than 
this average value. At 2180 metres it was reduced to *77 of a degree. 
As these differences constitute one of the most noteworthy results of Dr. 
StapflTs observations, they are here presented in tabular form. The degrees 
are Centigrade. 


Distance from 

Temperature of 
rock, deduced 

Temperature 


Italian portal, 

from observations 

of 

DiiTerenco. 

in metres. 

in air. 

springs. 



0 

0 

0 

100 


8*42 

3 08 

200 


8‘oo 

5*43 

300 


8*30 

6*70 

400 


8-8o 

4'33 

500 


8 79 

2*24 

600 ..... 


875 

2*78 

700 


877 

4*26 

800 


10*63 

3-45 

900 


JO -37 

4-47 

1000 


11-38 

3*66 

1100 


13*30 

3*88 

1200 


J 3-35 

3*62 

130® 


14*88 

2*50 

1400 


15*25 

2*38 

1 500 


— 

— 

1600 


17*40 

3 05 

1700 


18 60 

2 24 

1800 


18*70 

1*94 

1900 


19*00 

2*71 

2000 


19*80 

1*58 

2100 

20'95 

20 05 

•90 

21S0 


20 50 

'll 

• 


Mean . . . 

3 -J 4 


The strongest springs are those in the first 1300 metros from the Italian 
portal. Their temperature varies, to the extent of a few tenths of a degree, 
with the quantity, as dependent on rainfall, being lowest when the quantity 
is greatest. 

The conformation of the ground and the course of the tunnel are such that 
at equal distances from the two portals the Italian portion is the more distant 
from the surface. It is not, however, upon the whole, warmer than the 
Swiss portion ; hut for distances (from the portals) intermediate between 
200 metres and 1400 metres is decidedly colder — an effect, probably, of the 
abundant infiltration of cold water. 
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The tunnel has now been carried to a distance of 2500 metres at the Swiss 
and 2200 metres at the Italian end ; and the temperature of the rock, as 
deduced from air- observations, is — 


At 2400 metres from Swiss portal 21”* 7 C. 

„ 2180 „ „ Italian „ 21°*3 C. 


The distances from the surface (measured in the nearest direction) are 30G 
metres in the former case (the plain of Andormatt being overhead), and 
1090 metres in the latter. The mean temperature at Goschenen (the village 
at the Swiss end) is 6°‘82 C. 

Observations were taken (Aug. 17th, 1874) by Mr. John Donaldson, C.E., 
in a pump-well 413 feet deep, atlMr. Sich’s brew^cry, Chiswick, near London. 
The pumps were kept idle all day to facilitate observation. The thermometer 
used was a protected Phillips’s maximum. During the first series of obser- 
vations, pumping was going on from a well in a neighbouring brewery, an 
operation which lowers the level of Mr. Sich’s well by about 3 inches. This 
pumping was discontinued before the completion of the second series. The 
surface of the water is GO feet below the surface of the ground. The diameter 
of the well is 5 feet to the depth of 200 feet, and is less than one foot (and 
gradually diminishing) for the remainder of the depth. The following are 
the observations ; — 


Depth 

from 

Tompemturo 

in degrees Falir. 

surface of 

^ 

^ 

around. 

First Series, 

Second Series. 

ft. 

in. 



65 

0 

5°S-5 

S^’z 

105 

6 


54*5 

155 

9 


54 5 

205 

9 


55’o 

256 




54‘9 

306 

7 


55’4 

358 

I 

56-6 

56-6 

395 

5 


58-0 


The difference between the two observed temperatures at 65 feet is attributed 
to the disturbance of the water by passing the thermometer and suspending 
wire through it. The difference of half a degree between the two observations 
at the bottom is attributed to the discontinuance of pumping in the next 
brewery, as mentioned above. These temperatures (57°*5 and 58”-0 at the 
depth of 395 feet) may be compared with the temperatures observed by 
Mr. Symons in the Kentish-Towii well at the depth of 400 feet, as given 
in our Keports for 1869 and 1871, namely 58°’l and 57°*9. The agreement 
is satisfactory, as indicating, on the one hand, that even where there is 
strong convective action (as in this pump-well) the temperature near the 
bottom is but slightly affected; and, on the other, that whore there are 
no strong springs the temperature at intermediate depths (the Kentish- 
Town well being 1100 feet deep) is likewise nearly free from convective 
disturbance. 

A boring in search of coal is being made at Swinderby, about eight miles 
to the west of Lincoln, in which observations have been made by Mr. J. T. 
Boot, the engineer of the works. The depth attained on July 19, 1875, was 
1535 feet, the strata penetrated being ; — (1) Lower Lias, 140 feet ; (2) Kew 
Eed Marl (Keuper), 5G9 feet ; (3) Kew lied Sandstone (Keuper and Bunter), 
790 feet. The boring is now in red marl of the Permian formation. A great 
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feeder of water was met with at 700 feet on penetrating the Lower Keiiper 
Sandstone, and another at 950 feet in the Banter Sandstone, the water 


These obser- 


from the latter rising above 

the surface. The bore-hole i 

with tubes. 




The best observations were 

taken 

on .the 15 th, 16 th, and 

1875 , the hole having remained undisturbed since May 27 th. 

rations were as follows : — 






Temperature. 


Date. 

Depth. 

Fahr. 

Time do 


feet. 


h in 

June 15 

100 

68 

I 0 

n 

200 

68^ 

30 

J> 

300 

68 1 

30 

,, ......... 

400 

68| 

30 


500 

6s| 

30 


600 

69 

30 



700 

69 

30 


800 

69 

30 


900 


30 

June 16 

1000 

69I 

35 


1100 

69I 

35 

j> 

1200 

69i 

30 

June 17 

1300 

70 i 

35 

1400 

71 

35 



1500 

73 

40 


At an earlier date, May 13 th, the hole having been undisturbed for a few 
days, the temperature 68^® was found at 1308 feet, which was the depth 
then attained, and the temperatures 66°, 66°, 66°*2, 66°*6 were found at the 
respective depths of 0 , 300 , 490 , 590 feet. The instrument employed on 
both occasions was the protected Negretti maximum thermometer. 

These observations illustrate the difficulty of obtaining correct results in 
the presence of strong springs of water. It is obvious that nearly all the 
above temperatures are largely affected by convection. If we assume the 
temperature at the bottom in each case to have been free from this source of 
error, as well as from disturbance by the heat generated in boring (assump- 
tions which are somewhat doubtful), and if we estimate the surface-tempe- 
rature at 49 °, we have the following mean rates of increase : — 


Between 0 feet and 1308 feet 
„ 1308 „ 1500 „ 

» 0 „ 1500 „ 


1°F. for68 feet. 
1 „ 40 „ 

1 „ 62-5 „ 


A bore-hole is being sunk to a depth of 2000 feet at Bohmisch-Brod, near 
Prague ; and the Secretary has received two independent applications for 
thermometers for the purpose of making observations in it — one of them from 
the Academy of Sciences of Vienna, the other from the Imperial Polytechnic 
School at Prague. Two thermometers (one of the Negretti and one of the 
Phillips pattern) were supplied in each case, the expense being defrayed by 
the recipients. These applications are gratifying, as tokens of an increasing 
interest in the subject of underground temperature. 

Two protected Negretti thermometers have been sent to Dr. Oldham, 
Director of the Geological Survey of India, to be used in borings for coal in 
that country. Arrangements are also being made by Mr. Blanford, Director 
of Meteorological Observations for India, to establish regular observations of 
earth-temperature at small depths at certain selected stations. 
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The following thermometers have also been issued ; — 

To Mr. J. A. Bosworth, a protected Negretti, to be used in a deep boring 
in Shropshire- 

To Mr. Atkinson, of 1^’ewcastle, a similar instrument, to replace one broken 
in his previous observations. 

To Mr. Pongelly, a protected Phillips, for a boring at Torquay. 


Tides in the River Mersey. Half-tide Level at Liverpool. 

By James N. Shoolbued, C.E. 

[A communication ordered by the General Cominitiee to be printed in ea^^enso.] 
[Plate IY ] 

In the year 1835, at the Meeting of the Eritisli Association in Dublin, 
Captain (now Admiral) Henry Mangles Denham, R.N’., Resident Marine 
Burveyor of the Port of Liverpool, announced “ that, from observations which 
he had been enabled to take on the rise and fall of a number of tides in the 
River Mersey, he had ascertained that there was an oscillating point or mean 
centre which every six hours is common to all tides, ^whether spring or neap, 
and called the half-tide mark or levcl.’^ 

In 1837 Captain Denham further announced to the Association, at its 
Meeting in Liverpool, that the oscillation of each tide, whether spring or 
neap, passed this line, viz. the half-tide level, at three hours before and three 
hours after every high-water time, and not at the half-elapsed time of high 
and low water.’’ 

Captain Denham considered this half-tide mark, though not a suitable 
one to adjust soundings to, to bo a most valuable datum for tide-gauge 
operations, or as a point of departure for engineering levelling-operations — 
a remark which was subsequently fully confirmed by the selection of the 
“ level of mean tide at Liverpool ” as the datum level for Great Britain for 
the Ordnance maps. 

It will bo seen, therefore, that this subject of the half-tide level is one that 
has already received some attention, and has had a practical and important 
application. 

It appears, therefore, not out of place to make a few remarks on this half- 
tide level, and as to its real nature, especially as much information as to the 
action of the tide in the Mersey has been obtained during the interval of 
forty years that has elapsed since Capt. Denham first broached the subject. 

In the latter part of 1853 a self-recording tide-gauge was established at 
Liverpool, near to the St. George's Pier-head, advantage being taken of one 
of the bridges which connected the floating landing-stage to the shore, the 
rising and falling of the bridge with the tide being communicated by a chain 
arrangement to a self-recording drum driven by clockwork and there suit- 
ably registered. 

These observations had been continued without interruption, save for short 
repairs, since the above date until twelve months ago, when they were neces- 
sarily suspended, owing to the burning of the landing-stage and the removal 
of the connecting-bridge during its reconstruction. 

As, however, the whole of the stage is expected to be again open for use 
in the course of a short time, and as the connecting-bridges are now in posi*^ 
.1875. M 
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tion, it may be confidently anticipated that tlie self-recording of the tides 
may be again soon resumed. 

By tbe courtesy of tlio present Marine Suivcyor to ibe Mersey Docks and 
Harbour Board, Statf-Commander Graham II. Hills, ll.N., the writer has 
had an opportunity of inspecting a number of the resultant diagrams of the 
tidal curves. 

After careful examination of many tides, the writer confesses himself quite 
unable to agree with Capt. Denham in his definition that “ the half-tide level 
is an oscillating point or mean centre which every six hours is common to 
all tides, whether spring or neaj), ’’ or with the assertion ‘‘ that the oscilla- 
tion of each tide, whether spring or neai), passed this line at three hours 
before and three hours after every high-water time/’ 

Borne difference of opinion seems to exist as to the interpretation of the 
term mean or half- tide level.’’ Tlic method by which Ibis level appears 
commonly if not generally to be arrived at is l)y taking the mean of a 
number of levels of high water for a mean liigh water, then of a nearly 
similar number of low-water ones to form a mean low -water level, the 
difference between these two means giving a mean tidal range, the half of 
which amount, being reckoned upwards from the mean low-water level, 
gives an absolute level called the mean or half-tide level — in fact the 
mean half-range of the tide. 

Whether this is exactly what Capt. Denham meant by his oscillating 
point or mean centre,” is uncertain. But it is without doubt that this half- 
range varies considerably, not only with successive tides, hut even over 
lengthy periods, such as a year in duration, or even a duration of years. 

The writer has been enabled, by the courtesy of the Mari]jc Burveyor, to 
place upon the diagram hereto appended (Plate lY.) the annual means at 
Liverpool for high water, for low water, for tidal range, and for the half-tide 
level for the twenty years extending from 1854 to 187^ — each year being 
represented by a vertical line with its date upon it, and the position of its 
mean of high water, low water, and half-tide level indicated upon it to a scale 
of a quarter of an inch to one foot. The irregular line at the top of the diagram 
is formed by the junction of the annual means of high water, the mean high 
water for the twenty years being iudicated by a horizontal lino. The low- 
water means are similarly treated at the bottom of the diagram ; while in 
the middle of the sheet the half- tide levels are described in a like way. 

The datum to which they are reduced is the sill of the Old Dock at Liver- 
pool, a datum much in use in that neighbourhood. 

A very brief inspection of the diagram will show that there is considerable 
variation in each of the means between different years, amounting, in more 
than one case, to nearly twelve inches. And if so with annual means, how 
much greater the irregularity in shorter periods ! 

If, therefore, by half- tide level ” Capt. Denham moans the level of half- 
tide range, his idea of an oscillating point common to all tides ” cannot 
hold good, seeing that the result of the twenty years’ observations shows 
considerable differences to have existed in the “ half- tide level ” between the 
several years, in some cases nearly nine inches. 

It may, however, be urged that some of the variations occurring in the 
course of this lengthened period are caused by the altered form of the course 
of the tidal channel of the Eiver Mersey near to its mouth, to its being gra- 
dually narrowed and made more direct by each successive prolongation of the 
river-wall of the Liverpool Docks. 

While admitting that something may be due to this cause (a matter not 
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yet proved), there still exists sufficient irregularity, shown sometimeB in one 
direction and sometimes in another, at times also when no new alterations 
in the form of the channel wore taking place, to disprove the accuracy of 
Capt. Denham’s theory of a permanent oscillating point as far as regards the 
tides in the Mersey. 

As to his second assertion, ‘‘ that this half-tide level line is passed by the 
oscillation of each tide at three hours before and three hours after high-water 
time, and not at the half-elapsed time of high and low water,” its value can 
only he ascertained by a close inspection and analysis of the tidal diagrams 
themselves. 

The writer can, however, state the opinion of the present Marine Surveyor 
of Liverpool (who has had charge of these tidal observations almost ever 
since their commencement, and therefore is intimately acquainted with 
them), who considers that this assertion of Capt. Denham’s is quite un- 
tenable. 

The selection of the half- tide level at Liverpool as the datum for the 
Ordnance Survey of Great Britain was made after a series of tidal observa- 
tions carried on in 1859 at a number of ports round the coast of England*. 

In the Ordnance book, ‘ The abstract of Levelling in England and Wales,’ 

1 861, it is defined in the following terms : — “ The datum level for Great 
Britain is the level of mean tide at Liverpool, as determined by our own 
observations ; it is of an inch above the mean tidal level obtained from 
the records of tlie self-recording tide-gauge on George’s Pier, Liverpool,” 

These records, as will be seen by the annexed Table, give the mean half- 
tide level for the five years iireceding 1859 as 4*948 feet above the Old Dock 
Sill. If to this bo added the of an inch (*066 foot) referred to in the 
Ordnance book, a total of 5*014 feet above Old Dock Sill (the zero of the tide- 
gauge at the St. George’s Pier) is obtained as the level of the Oi’dnance 
datum, a difference which is quite borne out by the actual levelling of 
several engineers. 

The Ordnance book of levels already referred to gives, in another portion 
of the book, in the column of levels only 4*(>7 feet as the difference between 
the Ordnance datura and the zero of the tide-gauge. While, to render the 
discrepancy still more intelligible, no doubt, the printer has omitted the 
7nimis sign before the last-named level, so jdacing the zero of the tide- 
gauge above the half-tide level — thus introducing a possibility of error (to 
strangers to the locality) of over nwe feet in the comparison of these two 
important systems of levels (the Ordnance and the Old Dock Sill). 

When it is considered of what importance to the country are those most 
carefully prepared maps of the Ordnance Survey, and the system of levels 
which they introduce, it will be readily seen that it should bo a matter of 
paramount importance to dispel any discrepancy or uncertainty which may 
exist as to the very fons et origo of that system of levels. 

In conclusion, it must not be supposed from the above remarks that the 
writer, while adducing the irregularity of the half-tide level at Liverpool, as 
evidenced by the result of twenty years’ observations, wishes to argue against 
the practical uniformity of the mean level of the open sea all the world over 
— a fact which is being each day more fully admitted. Liverpool is not on 

* Since writing the above, it appears, from a communication received by the author 
from the Ordnance OlRce at Southampton, that “the assumed mean water at Liverpool 
depends upon tidal observations taken by this Department in March 1844, ” and that 
the 1859 observations published in the Ordiiaii ce book are those of the self-registering 
tide-gauge. 

m2 
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tlie open sea but on an estuary, and one where the conditions of the channel 
have been altered considerably during late years by engineering structures. 


Eecords of Tides in Eiver Mersey at Liverpool, taken by the Self-recording 
Tide-gauge at the George^s Pier-head, Liverpool. 
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J)atum : Old Bock Sill (O. D. S.) at Liverpool. 
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Bixth Report of the Committee, consisting of the Eev. Thomas Wilt- 
shire, M,A., F,G.S.j Prof. Williamson, F.R.S., and James 
Thomson, F,G.S., Secretary, appointed to investigate the Structure 
of the Carboniferous Corals, 

PuiiiNG the past year the Committee have conducted their investigations 
and have made sections of upwards of 300 specimens. In order that they 
might arrive at as clear a conception as possible of their specific value, the 
Secretary went over to Paris, and examined the types of MM. Milne-Edwards 
and J. Haimc, and also those of Prof, de Koninck in Belgium, and compared 
them with the structural details as delineated in the Plates already prepared ; 
and the result of his investigation warrants them in saying that they are glad 
they have not published more than brief abstracts of their investigations. The 
delay has also enabled them to try several methods for delineating the intri- 
cate and delicate structure of many of these corals, well knowing that their 
structure could not be reproduced by the ordinary process of lithography. 
The system adopted is the result of many experiments, and the one most 
suited for the purpose, as by it can be given facsimiles of the most delicate 
structure, tlius placing in the hands of students the means whereby they can 
name cither genera or species even from small fragments. 

The results of the investigations and comparison of the type forms referred 
to point to three new genera; The varieties, however, are so numerous, 
that it was felt desirable to make other sections before determining distinct 
varieties. 

The following have been determined, and arc engraved upon what they 
provisionally term Plate XII. 

Aspuliophylhm^ Thomson, gen. nov. The generic name is taken from 
the form and position of the boss in the centre of the calico, it being helmet- 
shaped. As the characters upon which the generic distinction is founded 
have been described in detail in the Transactions of the Philosophical Society 
of Glasgow for 1874, the descriptions need not be repeated. The generic 
and specific names of those published arc : — 


Figs. 1 & lA. 

Aspidiophylluni Kovincl'ianion^ Thomson, sp. nov. 

2. 

•» 

Ilvxleyianvm, Thom,, sp. nov. 

3.’ 


Heunediij Thom., sp. nov. 

4. 


crucifonne, Thom., sp. nov. 

5 & 5A. 


elegemsj Thom., sp. nov. 


In Aspidlophjllum Ihuvleijianmn one of the primary septa is shorter than 
the others, with a clavate tube-like process lying in the plane of the open 
interseptal spaces. Around the inner margin of the tubc-like body are 
grouped a number of ovule-likc bodies, much resembling ova. Detailed 
accounts of these arc published in the Transactions of the Philosophical 
Society of Glasgow for 1874. 

Piute XII. figs. 10, 11, 12, 14, 15, and 16 belong to the same genus, but 
diiffer from those described in essential specific characters, and will be described 
hereafter. 

Plato XIII. contains representations of seven species of the genus Rhodo^ 
phyllunij Thomson, gen. nov., which have been described in the * Geological 
Magazine,^ viz. : — 
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Eigs. 1 & 1 A. BhodojtJti/lhim Craigiamim, Thomson, sp. nov. 

3. „ Slimonianunif Thom., sp. nov, 

4. „ Phillipsianimi^ Thom., sp. nov. 

G & 6 A. „ shnjghx, Thom., sp. nov. 

Eigs. 2, 5, 7, and 8 belong to the same genus, and will bo described along 
with the former genus. 

Plate XIV. contains representations of a new genus, which the Secretary 
discovered at Brockley, near Lesmahagow, Lanarkshire, many years ago. It 
exhibits characteristics hitherto unnoticed. The Secretary proposes calling 
it KumatiojfhgUinn, It has a,t least ten good species, which will bo described 
as before stated. 

Plate XV. is another Plato partially prepared, but is not sufficieiitly for- 
ward to be described in this year’s Beport. 


Third Report of the Committee, consisting of Sir J ohn Lubbock, Bart., 
Prof. Prestwick, Prof. T. M'^K. Hughes, Prof. W. Boyd Haw- 
kins, llev. II. W. CiiossKEY, Messrs. L. C. Miall and II. 11. Tidde- 
MAN, appointed for the purpose of assisting in the Exploration of the 
Settle Caves [Victoria Cave). Drawn up by ll. II. Tiddeman, 
Reporter. 

[Plates V. & VI ] 

Work was carried on almost uninterruptedly throughout the year, except 
from March 20th to May 20th, when it was stopped for want of funds. An 
appeal to the public by the Settle Committee was made, aiid at the end of two 
months they considered themselves justified in recommencing work. 

It is a matter of much interest to the Committee that the last subscription 
received (on Jan. 10th, previous to stopping the work for want of funds) was 
from the late Sir Charles Lyell, and unsolicited. Sir Charles had taken a 
deep personal interest in the explorations from their commencement, had 
visited the Cave, and been a frequent subscriber to the fund. 

The Glacial Beds. — It wiU bo remembered that in the last Beporc at Bel- 
fast wo drew attention to the evidence respecting the pro- or interglacial 
age of the lower deposits in the Victoria Cave, which contain the early 
Pleistocene fauna associated with a human fibula. Since that time further 
evidence in this direction has been obtained. The great mass of boulders 
which lies upon the edges of the Lower Cave-earth at the entrance and be- 
neath all the screes or talus has been further followed ; and the facts brought 
to light are very interesting, and throw much light upon the origin and de- 
position of the glacial beds. 

The boulders have now been uncovered over an area of about 30 x 40 feet, 
or 1200 superficial feet (see Plates V. & VI. and descriptions), and probably 
extend beneath the screes over a still greater area. As before, the boulders are 
of all sizes and of various origin. Of the limestone boulders a large proportion 
are of blue or black limestone, and not of the white limestone in which the 
cave is excavated. They probably come from the top of the Carboniferous 
Limestone, which is widely exposed in the country to the north around the 
foot of Penyghent. One large boulder, on the other hand, an easily recog- 



ON THE EXPLORATION OP THE SETTLE CAVES. 


167 


nizable rock, consists of a portion of the base of the Carboniferous Limestone, 
which is a conglomerate of Silurian pebbles in a matrix of limestone, and 
must have travelled at least two miles to its present position. Other boulders 
consist of Carboniferous Sandstone or Millstone-grit, but a very large propor- 
tion are of Silurian rocks. 

In size they run from largo blocks several tons in weight to mere sand- 
grains, for the passage may bo easily observed. At one place you have 
largo boulders in a matrix of stony clay, then a clayey gravel, the component 
stones well scratched and bruised as only glacial deposits are, then fine 
gravel, still of the same character, shading off into sand. The sand again 
gi^es place to laminated clay of the finest character. 

A very interesting section showing this has boon lately uncovered; it 
lies at tlio back of the boulders, and contains several beds of laminated clay, 
sand, and gravel intercalated with indisputable glacial deposits. 

This may ])e regarded as a positive proof that some at least of the lami- 
nated clay is of glacial ago and origin. 

In removing some of the boulders at the entrance, a step which the pro- 
gress of the work necessitated, wo appear at length to have come upon the 
solid floor of the cave-mouth. We found several long, wedge-like masses of 
rock, Avith their apices upwards, sticking up from amongst the boulders. They 
seem to run along definite hues, the spaces between which coincide with the 
vertical joints traversing the roof and side of the cave. 

They stand up in pinnacles, and are not unlike in form similarly weathered 
floors in other caves in Craven. We may mention BrowgiU Cave near 
Horton in Kibhlesdale, which is now occupied by a stream. This peculiar 
form seems to have arisen from the water working down along the joints 
and slowly dissolving the limestone, leaving an edge projecting upwards, in 
some cases almost as sharp as a knife. That the Victoria Cave was once a 
stream-course there can be no doubt ; not only these limestone pinnacles, 
but the peculiar weathering of the side of the cave at the entrance into a 
succession of arched niches corresponding with the joints (another charac- 
teristic of water caves) render this tolerably certain (see Plates Y. & VI. 
and descriptions). 

And now, Avith the additional evidence of another year’s diggings, Ave may 
again consider the question (the most interesting perhaps of all the problems 
before us) — Are the glacial deposits, which rest upon the older bone-beds 
containing the extinct pleistocene mammals and man, in the position which 
they occupied at the close of glacial conditions, or have they subsequently 
fallen into their present site ? 

We may again urge the reasons given last year, strengthened by enlarged 
sections and a Avider experience, Avhich go to prove the first alternative. 

1. The cliff immediately above the cave is free from any boulder deposits 

for a considerable distance. 

2. The boulders lie at the base of all the talus, which must have been 

forming ever since glacial conditions declined, and no other falls of 
even isolated boulders have occurred throughout the whole thickness 
of talus. 

3. The boulders are so close beneath the cliff, that if all the limestone 

which has fallen from it and is now lying on the boulders could be 
restored to the cliff, it would project so much further forward, that the 
fall of the boulders from the cliff to their present position would be 
impossible. 
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To these arguments we may now add the following : — 

4. That the extent of the glacial deposits now exposed is so great that 
it is impossible that they can bo a mere chance accumulation of 
boulders which have been redeposited in their present position since 
glacial times. 

This being the case, it is clear from the position of the boulders beneath 
all the screes that they fonn a portion of the general glacial covering of the 
valleys and hillsides which was left by the ice-sheet at the time of its disap- 
pearance. 

These are the main arguments to be derived from the cave itself ; but 
further strong presumptive evidence that the Pleistocene fauna lived in the 
north of England before the icc-shcct exists as follows : — 

The older fauna once lived in tliat district, a point which admits of no 
dispute from its existence in the Victoria Cave, in Kirkdalc Cave, Eaj'gill 
Cave in Lothersdale, and pci haps in other caves; hut their hones arc now 
found nowhere in the open country. None of llic river-gravels contain them ; 
and just that district which is conspicuous by their absence is also remark- 
able for the strongest evidences of great glaciation. If these facts be taken 
together, the probability is very strong that it was glaciation which dcstroj cd 
their remains in the open country. 

To suppose that they have been destroyed by other subaerial agencies 
would ho to ignore the fact that in the south of England and other non- 
glaciated areas such remains exist both in caves and in river-gravels. I his 
view your Reporter has lield for some years ; a somewhat similar view has been 
well stated by Mr. James Geikie, and Prof. Boyd Dawkins also agrees in it. 

Bones beneath the Tahis and on the Boulders, 

In removing the talus, certain hcncs were found lying beneath it upon 
the boulders. 

They have, so far as practicable, been determined by Prof. Busk; and ho 
gives the following account of them. 

^^They are nearly all fragments, but No. 1 is perfect. 

“ 1. Right calcaneum of Ursus arctos, 3*4 inches long, 2-2 wide, 1’75 high, 

“2. Portion of a young, much Avorn left calcaneum of Ursine, Avith anterior 
and posterior epiphyses detaclicd. 

“ 3-67. Small chips and fragments, mostly apparently of the shafts of long 
bones and ribs of ruminants. Doubtfully referred to Ox? Deer? Goat? or 
Sheep ? 

68. Fragment, probably Elephant. 

‘‘ 69. Fragment of a large Deer-hono. 

70. Fragment of long bone of large bird, probably SAvan. 

. “ 72. Sesamoid bone of ? 

77. Fragment of vertebra, perhaps of Bear.” 

It is an interesting point, if we could make it out, what is the age of these 
hones. Are they the remains of animals who died upon the moraine rub- 
bish before the talus was of sufiicieut thickness to form a recognizable bed ? 
or are they bones washed out of the edges of the older cave-earth then exposed 
above the boulders ? The bone doubtfully referred to Wild Swan would seem 
to point to a rigorous or temperate^ climate. The hone doubtfully referred 

* I have heard of three instances of Wild Swans haling hcen shot in the immediate 
neighbourhood. C. Leigh, in his ‘ Nat. Hist, of Lancashire ’ &c., published in 1700, says, 
** Swans are common in these parts, but more particularly on the sea-coasts” (p. 141), 
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to Elephant does not give very strong indications. There seems a possibility 
of its having been washed out of the lower cave-earth, which contains 
Elephant-remains. 

Most probably both of these sources contributed to this deposit of bones ; but 
that the greater part of them arc washed out of the lower cave- earth seems 
likely, for this reason — that not any fragments of bone were found through 
the 19 feet of talus which lies between the Neolithic layer and the top of the 
boulders. 

Worh in Chamher D. New Galleries . — Besides the work which has been 
done towards unfolding the glacial evidence at the mouth of the cave, 
a considerable amount of work has been done in excavating chamber D, and 
we have the result in a magnificent series of bones. Chamber D will be re- 
membered by those who made a thorough visit to the cave, and explored all 
its narrowest recesses, as a very low chamber to the right of the principal 
entrance, filled nearly up to the roof with soft wet mud. It was so low over 
a greater part of its extent that progression could not be effected on hands 
and knees, and a serpent-like movement through pools of water lying on soft 
mud was the only way in which it could he visited. Chamher D now presents a 
very different aspect. Ho extensive have been the workings there, that at 
the entrance the ceiling is now 20 feet above one’s head, and it gradually 
declines towards the inner extremity to a height of 4 or 5 feet. It is about 
20 feet wide and 110 feet long ; and two galleries have been discovered 
leading off from it on the right. One is blocked at the entrance with thick 
beds of stalagmite and fallen blocks of limestone, and has not been explored 
hitherto. The other leads down at Parallel 44 into a chamber 44 feet long 
with a N.E. direction, at a tolerably rapid gradient of about 1 in 4*5. At 
the end of this is a narrow squeeze which admits your Be porter for a short 
distance onl 5 ^ The forbidden ground beyond has been visited by Mr. John 
Birkbeck, Jun.; and he reports that this pipc-like cavity proceeds a short dis- 
tance further and crosses a narrow chasm about 20 feet deep, down which he 
descended ; but further progress proved impracticable. 

T his gallery we propose to call the Birkbeck Callery, in acknowledgment 
of the energetic and valuable assistance of Messrs. John Birkbeck, Hen. and 
Jun., to the cave exploration from its commencement in 1870. 

The Bemains found in Chamher D . — The Committee is much indebted to 
Prof. Busk for his kindness in determining the bones found. 

Before being submitted to him they have been all marked with register 
niimbcrs^ in the form of a fraction, the numerator (in this case 1 ) standing 
for the year (1874), and the denominator for the no. of the find in the 
year thus, 3 , &c. Eor 1875 the numerator is 2, and for 1876 it will be 
3 if the explorations continue, and so on. As records arc kept of what 
portion of the cave is explored in each year, this system will facilitate the 
reference of any particular bone to its position in the cave. In the past 
year the bones have also been marked uith notes of their position. Thus 
the large skuU ot' the Grisly Bear yj-y is marked “ P 37, L 4*0, D 4*0,” which 
means that it was found in the 2 feet Parallel 37, at a distance of 4 feet left 
of the wall of the chamber, and at a depth of 4 feet from the surface. 

The note-book in which Prof. Busk’s determination of the bones is written 
will he preserved in the Gigglcswick Museum for reference. 

His summary of the bones found in chamher D is as follo’ws : — 


* This and other valuable services have been carefully carried out for the Committee by 
Mr. Jackson, the Superintendent. 
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Out of about 269 spccimons, including detached teeth, 
127 belonged to Bear, 


Reindeer, 


37 


llyocna. 

36 

’>1 

Bos, 

24 


Eox, 

22 

„ 


10 

11 

Rhinoceros, 

2 

11 

Horse, 

1 

i> 

Badger.” 


To those wc may add 1 of Pig, 2 of Elephant, and 1 of Hippopotamus. 

The Elephant-remains consist of two small right and left lower {iiitcpennl- 
timatc milk-molars of Eleplias aniiquirs, determined by Ih’of. Leith Adams. 
A fragment of the tusk of a Hippopotamus, about 2 inches loijg, is a discovery 
of the year, being the first relic of Hippopotamus found throughout the ex- 
plorations. It was in Parallel 32, at a depth of 7 feet. Close by it was the 
carnassial tooth of a Hymna, which perhaps may account for its haying been 
found at such a distance from the river, now flowing about 1000 foot below. 

It may bo wcU here to correct an error as to the identification of remains 
of which a list occurs in Mr. Denny’s paper ‘‘On the Geological and Aichmo- 
logical Contents of the Victoria and Dowkahottom Caves in Craven,” Proc. 
Geol. and Polytechnic Soc. of the West Riding, 1859. At the head of the 
list of animals found is the following entry : — 

“ Cave Tiger (Felis spelcea). A canine tooth recognized by the late Dr. 
Bucklaud, and now in the British Museum. — Victoria Cave.” 

Inasmuch as in the course of six years’ diggings no remains of Tiger or 
Lion had been recognized by the Committee, Mr. William Davies, of the 
British ^Museum, was communicated with ; and he kindly returned an answer 
that he had examined the remains in the British Museum, that it was a case, 
as surmised, of erroneous identification, and that the tooth in question was 
the canine of a Bear. 

The existence of the Cave-Lion in the Victoria Cave remains therefore to 
be proved. 

Prof. Busk remarks of the bones and teeth submitted to him: — “They are 
a remarkably interesting collection, especially in the Bears ; and I think the 
larger of the two skulls is by far the finest specimen of the kind yet found in 
this country.” 

Many interesting facts come out from the systematic record of the position 
of the bones. The appended Table (p. 174) of instances of bones which appear 
to belong to the same individual, but which have been found apart from one 
another, is an interesting commentary upon the way in which bones become 
scattered through a cave whether by the intentional transportation by beasts of 
prey in the process of devouring, or by the shuffling tread of the same beasts 
amongst the loose bones lying on the floor. 

This leads us to the fact that many of the bones have a very fine polish ; 
and it seems probable that the cause of this is that suggested by Dr. Buck- 
land^, the treading of the beasts upon them ; the fine mud occurring in the 
cave would make a very good poHshing-paste, and being of a very plastic 
nature, would tend afterwards, when accumulating in sufficient quantity, to 
cover up the bones and preserve that polish. It occurs on the long bones of 
both ruminants and Bears, and not only on one side as noticed by Dr. Buck- 
land, but all round. The specimens noticed are all apparently in the upper 
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bed, to be hereafter mentioned. One of the polished long bones of an Ox 
has a crust of stalagmite upon ’it, and the polish runs up to and under it. 

The greatest distance to which we have traced separate bones of the same 
individual is 44 feet in the case of the right calcaneum and right astragalus 
of a Hya3na ; they occurred at the depths of 10 and 6 feet respectively. 

Another interesting case is that of a magnificent pair of lleindeer-antlers, 
which were in four portions scattered over a distance of 32 feet. Moreover, 
and this is an instructive fact, the several portions were in different states of 
preservation, yet could bo fitted together without any difficulty. This wo 
should do well to remember when inclined to speculate on the relative age of 
bones from their state of preservation. 

Again, the two fibuhn of Boar, probably belonging to the same individual, 
being a right and left, and having each a tumour of the bone in the same 
position on the shaft, remind us that bears may have sources of discomfort 
quite apart from the res angusta domi.’’ Two fearfully swollen and dis- 
torted metatarsals of the same animal ( and tell the same tale. On 
the other hand, tv?o largo tusks of the Grisly Bear and ^), worn down 
almost to their sockets, would seem to indicate a healthy life extending to a 
good old age. 

Your Beportcr lias carefully reduced from the data in the register a synop- 
tical section, showing the occurrence of each animal in the different parallels 
and the depth at which they occur. The result is a Table too bulky for pub- 
lication, but its substance may be briefly given in words. 

The bones appear to group themselves chiefly along two horizons, which 
arc separated from one another by a greater or less thickness of cave-earth, 
laminated clay, and stalagmite. 

The lower extends from the back of the bouldcr-beds before the cave 
mouth, is continuous with that which contained the human fibula, and runs 
almost continuously as far as P 42, and possibly further. The upper bed com- 
mences only at P 15, and extends to about P 43. Where the upper bed com- 
mences, the two horizons are about 12 feet from one another ; but the lower 
rises quickly towards P 23, then continues horizontally at a depth of about 5 
feet below t he upper bod as far as P 35. At this point it rises still more, and 
the two beds not only touch each other, but seem to be somewhat intermingled. 

The following Table shows the species occurring in the two beds in 
Chamber D : — 
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Peculiar to Upper Bed. 
Badger. 

Horse. 

Pig. 

Beindeer. 

Goat or Sheep ? 


Peciihar to Lower Bed. 
Iljaena. 

Brown Bear ? 

Elephas a7iftquu8. 
Bhinoceros leptorhbius. 
Hippopotamus. 

Bos primigenius ? 


Coininon to both. 
Man. 

Fox. 

Grisly Bear. 
Red Deer. 


Of course further work may muqh alter these lists. 
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The upper bed probably coutains remains from the IJcindecr period to 
the present, those of later date being mixed up with tlie older in the mud at 
the surface. But as distinguished from the lower bed, the chief characteris- 
tics of the upper appear to be the presence of llcindcer, and the absence of 
Elephant, llhinoceros, Hippopotamus, and Hyaena. It is true that by the 
register there appears to be one specimen (a molar tooth) of llcindcer in the 
lower bed. It is marked P 35, and as at a depth of 8 feet, which would 
place it in the lower bed. It seems that this may be possibly a clerical 
error, and that 8 inches would be the proper reading. The mere placing 
the stop before or after the numeral would make the dilFerence ; moreover 
there are Hcindeer- remains in the same parallel at a depth of 1 foot, and in 
the next parallel at a depth of 8 inches. If it was really found at a depth 
of 8 feet, it is a solitary instance of lieindeer in the lower bed, whereas in 
the upper it is common. 

Of Hyaena, verij common in the lower bed, there appears at first sight to 
be one specimen (a humerus) in the upper ; but on examination th^s is not 
quite so certain. It occurs in Parallel 37 at a depth of 2 feet, whore the 
two beds run together. This alone ought to put us on our guard. But 
strangely enough it is at 2 feet higher elevation in the same parallel than 
the great skull of Grisly Bear, which is proved by the situation of its lower 
jaw on the surface to belong to the upper bed. It did not lie, however, 
immediately above the Bear’s skull, but 2 feet cast of it ; so that it seems 
quite possible that the apparent superposition may be only due to the un- 
evenness of the floor at the time when the Bear’s skull came into position. 

It is also highly improbable that had the Hysena lived at the same time as 
this great Bear, he would have left so fine a skull intact for the Committee 
to exhume. 

These facts arc of great interest and importance, as warning us ogaiiist 
the danger of assuming from the juxtaposition of objects their contempo- 
raneity in all cases. In this case wc have a fauna which wo may confi- 
dently assign to a cold climate, separated in some parts by an accumulation 
of deposits iiueJve feet in ihichiess from an earlier one, which is equally 
characteristic of high temperatures; Tvhereas in another part of the cave 
not far off, where the material to separate them is wanting, we have animals 
from icy and tropical countries intermingled in a confusion which would 
be puzzling did wo not get the clue hard by. It is evident that here the 
separation is natural and regular ; the mixture is abnormal and accidental. 

It is probable that Brown Bear occurs in both the beds ; tliere arc many 
Bear-remains in both; but they do not, in most cases, admit of specific deter- 
mination. Brown Bear has been found before in the higher beds in other 
parts of the cave. 

lUiinoceros lej^torhinus has not been found befoie in tlic cave, but its pre- 
sence is well established now by teeth and bones*. It is interesting to note 
that it is as usual accompanied by Elejjhas aniiquus. Hij^popotamus, as 
already stated, has been found this year for the first time. 

In the upper bed, the only sign of man’s presence consists of the spinous 
process of a bear’s vertebra, which has been hacked, apparently by some cutting- 
instrument with a tolerably regular edge. It might have been done 
with a bronze celt or a polished flint axe. It is probable that chamber D 
was never the resort of man within the historic period. The soft wet mud of 
the floor and the lowness of the roof render it most unlikely that any one would 
take to it, except under the direst necessity or in the pursuit of science. 

* P.S. It would appear tliat the remains occurring in the Care, formerly attributed to 
i?. tichorhinuB, really belong to this species. I 
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III the lower bed, again, evidence of man’s presence is but scanty. At the 
mouth, and close to where the human fibula was found, we have this year 
mot with a piece of rib (jf 5 ) apparently nicked by human agency. It is 
about 2 | inches of the dorsal end, but the articulating surfaces are broken 
off. There are nine transverse nicks not reaching quite across, some not 
halfway, and also a longitudinal nick. They appear to have been made by 
some clumsy instrument drawn backwards and forwards. In character they 
are totally unlike the square troughed hollows made by the gnawing of 
rodents ; and they are equally unlike the furrows heavily ploughed by the 
teeth of Carnivores. This specimen was at a depth of 25 feet from the roof 
of the cave, which at this point was filled to the ceiling. We cannot at 
present say of what animal it is a rib. Some light may perhaps bo thrown 
on it by a careful comparison. This is immaterial compared to the main 
fact, which is, that there is much difficulty in supposing it to have been 
nicked by any agency other than human. 

Conclusion . — And now, having restricted ourselves almost entirely to the 
hard road of fact, in conclusion we jnay perhaps he permitted to indulge in a short 
flight of fancy. Lot us endeavour to realize how great is the distance in time 
which separates the savage of Craven from our own day. We have the 
history of much of it in the Victoria Cave itself, and we may restore some of 
the missing pages from the surrounding district. At the Cave, Homan times 
arc separated from our own by sometimes less than one, but not by more 
than two feet of talus, tlic chips which time detaches from tho cliffs above. 
The, Neolithic age, which antiquaries know was a considerable time before 
the Homan occupation, is represented by a layer in some idaecs 4 or 5 feet 
beneath tho Homau, in others running into it. Then comes a thickness of 

feei of talus without a record of any living thing. Judging by the shal- 
lowness of the Homan layer, this must represent an enormous interval of 
time. And this takes us down to the boulders, the inscribed records of tho 
Glacial Period. They must represent a long series of climatal changes, 
during which the ice was waxing and waning, advancing and molting back 
over tho mouth of the Victoria Cave. This period saw tho Heindcer and tho 
Grisly Bear occasionally in possession. Then wc have an unconformity, a break 
in tho continuity of the deposits, the boulders lying on the edges of tlio older 
beds — Time again ! And that time was long enough for changes to take 
place which allowed tho district to cool down from a warmth suitable to the 
Hippopotamus and become a fitting pasture-ground for tho Hoindeer. It 
was in that warm period that the Graven savage lived and died. 

Hut these are not all tho changes which occurred in the north of England 
since that time. The ago of tho great submergence represented by the sea- 
beaches of ;Moo 1 Tryfaen and Macclesfield, and by the Middle- Sands-and- 
G ravels of Lancashire, has left no record up at the cave. Your Hoporter is of 
opinion that tho submergence did not attain in that district a greater depth 
than six or seven hundred feet ; and this would still leave the cave 700 feet 
above the sea, though it would cut up tho land into a group of islands. Tho 
fact is sufficient for us, the depth is immaterial. Upon no fact are geologists 
bettor agreed than upon tho existence of a widespread submergence and 
emergence of land towards tho close of the Glacial Period. No tradition is 
common to more races or religions than that of a great deluge. "Where back 
in the past is the common point whence those two far-travelled, almost paral- 
lel rays of truth had their origin ? In the opinion of your Hei}orter the 
Craven savage, who lived before the Great Ice-sheet and before the Great Sub- 
mergence^ may form another of the many strong ties which bind together tho 
sciences of Geology and Anthropology. 
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Apfsndix. 

Table of Bevnains pair, or otherwise indicate their belonging to the 

same individual, with the distances at which they were found apart 
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t The left ramus was already in the Giggleswick Museum, and had been found in 

another part of the Cave. 
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EXPLANATION OF THE PLATES. 

Plate V. 

Victoria Cave, No. 1. This gives a general view of the Cave and the cliffs above. Above 
the workmen is a cave boarded up and used as a tool-house. To the right of that 
is a niche in the Cliff, the old entrance to the Cave first discovered by Mr. Jackson. 
The present entrance, before the excavations, was completely covered up with screes. 
Mr. Jackson, the figure on the right, is sitting close to the arclicd niches mentioned at 
p. 1C>7. The fiat in tlio fore ground is not a natural feature, but produced by the 
levelling of tbo tip and talus. The bottom of the valley is at a far lower level. A 
level cutting through the flat is seen going from the left-hand lower corner up to 
the boulders. 

Plate VI. 

Victoria Cave, No. 2, gives a nearer view of the boulders near the entranco, of the rock- 
pinnacles forming the floor, and of the arched niches described at p. 1()7. The 
human relics were found near tlio crowbar, which is seen in the background be- 
yond the workm(‘ii, but at a lower level Mr. Jackson is standing between the 
boulders and the talus, aud tlio marked difference between the two deposits is well 
seen. The boulders before being phot ograjihcd were marked S for Silurian, L for 
Carboniferous Limestone, and G for Carboniferous Gritstone. The marks 0°“ and 
should have been and for Conglomerate and Stalactite, and denote rcs]iec- 
tively a jiieco of the conglomerate from the base of ilio Carboniferous Limestone, 
and two large pieces of Stalactite, which have apparoully fallen on the boulders 
from the roof of the Cave before it had been worn as far back as it now is. 


Oti the River Avon {Bristol) : its Drainage-Area^ Tidal Phenomena^ 
and Dock Works, By Thomas Howard^ M,Inst,C,E, 

[A communiculion ordered by the General Committee to bo printed in cxienso.'] 
[Plate YII.] 

The head-wators of the Bristol Avon may be considered to take their rise 
in the eastern slopes of the lower CotsAvolds, to the north of Tetbiiry in 
Gloucestershire, the stream gathering in from the west, in its course south- 
ward through ^lalmcsbury, the drainage of the oolitic district about Bad- 
minton ; while the watershed on the east is only parted by a slight ridge 
from tho country draining into the uppermost branches of the Thames. 
Below this the Avon drains the Wootton-Bassett district, together with the 
country hounded by the western outcrop of tho chalk hills of Marlborough, 
Avebury, and Beckhampton Downs, and the north-western part of Salisbury 
Plain, including tho towns of Caine, Devizes, Melksham, 'Westbiiry, Trow- 
bridge, and Bradford- on -Avon. An important tributary, the Fromc (Somer- 
setshire), which brings the most southerly part of the drainage of the Avon, 
rises near Bruton, and, embracing the watershed of the easternmost part of 
the Mendip Hills, drains the town of Frome and several important manu- 
facturing villages, joining the Avon at about three miles below Bradford. 
Below this tho Avon receives on the left tho Midford Brook, and on the 
right the Box and other streams; and flowing on through Bath, receives 
several small affluents, and at Keynsham tho Chew, which springs from the 
northern slope of the Mendips. In this district the springs from which 
Bristol is supplied with water take their rise, at Chewton Mendip. Con- 
tinuing its course towards Bristol, the river falls into the tideway over a weir 
at Hetham, a point about 3| miles above the entranco to the docks at 
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Bristol. Tiie tidal portion of tho river continues its course by a now channel, 
cut about seventy years ago south of the city, to its junction with the 
Severn estuary at Kingroad. The fresh water of the river, impounded by 
the dam at Netham, is diverted by a canal into the heart of the city, passing 
under Bristol Bridge through what was formerly the old course of the river, 
but now converted into the Bristol floating harbour. Into the harbour 
enters also another affluent, the Prorae (Gloucestershire), taking its rise in 
the hills above Wielcwar and Chipping Sodbury. The docks at Bristol have 
therefore the advantage, in short-water seasons, of the combined volume of 
these streams, which, after passing tliroiigh tho harbour, is discharged at the 
various outlets of the locks and basins. 

Tho entire drainage-area of tho Avon and its tributaries above Netham is 
about 795 square miles, and that of the Gloucestershire Prome about 68 
square miles, making the total area draining in through Bristol Harbour 
about 863 square miles. Between Bristol and the mouth of the river tho 
area draining into tho Avon is very limited, amounting only to about 31^ 
square miles, the chief drainage of this part of the district being direct into 
tho Severn. 

The longest branch of the Avon, from its rise above Tetbury to Bath city 
bridge, is, taking its winding course, about 46 miles. TIio navigable part 
of the river from Bath to Xctham is about llj miles, and the tidal portion 
from l^etham to the junction with llie Severn about J I miles. Total length 
about 72 miles. 

The fall in the bed of llic Avon from Bath to ilie Severn is as follows, 
viz . : — 
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Between Bath and Nctliam Dam there are several weirs for impounding tho 
water for mills and for navigation purposes. 

The very interesting geological features of the district around Bristol will 
probably be dealt with in some other Section of the present Meeting ; but it 
may be within the scope of this paper just to remark that there Ure few 
rivers of the size of the Avon w^hich embrace in their drain age- areas so 
great a geological range. Every formation from the Old Bed Sandstone to 
the Upper Greensand and Chalk inclusive will be found within its water- 
shed. About two thirds of the whole consists of the various strata of the 
Oolitic system, while the remaining one third is made up of a small area of 
Chalk with the Greensand formations on tho east, and on the west chiefly 
Lias, together with the formations below it down to the Old Hod Sandstone. 

Although there are no mountainous elevations in the drainage-area of the 
Avon, the greater part of the country is of a hilly character. The general 
average elevation of tho upper part of the watershed may be taken as about 
300 feet above mean sea-level ; but there will be found many outliers of the 
great and inferior oolites rising from 600 to 700 feet. The bilk of greatest 
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elevation will, however, be found in the Frome (Wiltshire) district, where 
the Old Red Sandstone, at Downhead Common (Mendips), reaches 1078 feet; 
the Inferior Oolite, at East Cranmore, 814 feet ; the Mountain Limestone, 
at Leigh-upon-Mendip, 800 feet ; and the Coal-measures above Mells 
about 770 feet. The Inferior Oolite at Lansdown, near Bath, also rises to 
about 720 feet, and at Diindry, south of Bristol, to about 750 feet. 

The hilly and non-absorbent character of the soils of a great portion of the 
district causes the rain which falls to be carried off rapidly ; and heavy floods 
are sometimes experienced in Bristol, especially when the discharge of flood- 
waters, through the floating harbour, is impeded for a time by the rise of high 
spring-lides. The mean average annual rainfall in Bristol is about 32| inches. 
This amount is increased on the slopes of the Cotswold and Mendip Hills, on 
the latter of which it averages about 47 inches ; but the mean of the whole 
district would perhaps not be greatly different from that at Bristol, when the 
lessened quantity, falling on the eastern part of the drainage-area, is taken 
into calculation. 

In considering tlie tides of the Avon, it may bo desirable for a moment to 
refer to the special tidal phenomena of the Bristol Channel and Severn estuary. 
The crest of the free tidal wave of the ocean, which in the deep waters of the 
Atlantic rolls forward the high-water line at a rate of probably not less than 
about 500 miles an hour, enters the English and Irish Channels with a gra- 
dually decreasing velocity, owing to the resistance from the seas becoming 
more shoal ; and this retardation is further increased in the Bristol Channel 
by the converging lines of its shores. The whole of the appreciable tide in 
the estuary of the Severn is due to the momentum of the wave oiiginatcd in 
the deep waters of the open ocean. One important result of these conditions 
is, that as increased resistance is met, so the wave is forced higher and the 
tidal range magnified ; and while the rate of ])rogress of the crest of the wave 
is much diminished, the actual movement of the particles of water to and 
fro, in flood and ebb, becomes more rapid owing to the greater rise and fall. 
We have thus a great range of tide in the Severn and the Avon with a con- 
siderable velocity, especially in the narrow and deep parts of the former 
river. 

As evidence of the retarded advance of the crest- of the tide-wave and the 
increased range of tide spoken of in the Bristol Channel, wo may take the 
case of an ordinary spring-tide, which, advancing in from the Atlantic, brings 
high water off the Scilly Islands at d*" 30"‘ o’clock, with a rise of tide of 
16 feet above mean low-water springs at that point. This crest of high water 
will reach Lundy, a distance of 140 miles, at 5 ^ 1 5"‘, where the rise will bo 
27 feet ; Nash Point, 49 miles from Lundy, at 25’“, with a rise of 33 feet ; 
Cardiff, 24 miles from Nash Point, at 6*’ 56“, with a rise of 37| feet ; King- 
road (mouth of the Avon), 16 miles from Cardiff, at 7'’ 13’", with a rise of 
40 feet ; and Sharpness, 18^ miles above Kingroad, at 7^ SS”’, with a rise of 
25 feet, this latter above Ordnance datum, or an absolute height of about 2 feet 
4 inches above high water at Kingroad, tho toi-al range at Sharpness being less 
than at Kingroad, on account of the great slope of the bed of the river. At 
Framilode, about 13 miles above Sharpness, the effect of the gorging up of tho 
tide has attained its maximum, and the tide flowing up the remaining distance 
to Gloucester is due entirely to the acquired momentum. At Gloucester the 
further flow upwards is stopped at ordinary tides by weirs recently erected, 
although the top of equinoctial springs flows over thorn. 

The total range of tides at the mouth of the Avon, and the great difference 
1875. N 



178 


RBPOET — 1875. 


between neaps and springs, are shown on a diagram plotted from observations 
made continuously for a fortnight. In this diagram (Plate YII. fig. 1) the actual 
heights of high and low water of each tide are plotted above or below Ordnance 
datum, and then two equalizing lines, drawn as a mean of the observations, 
serve to show what would bo the high or low water for any given range of 
tide from 15 up to 46 feet. 

The same diagram shows also how far the mean half -tide level at the 
mouth of the Avon agrees with the theoretical mean sea-leveL as adopted for 
the Ordnance datum. The half height of each range of tide, taken in the 
above-mentioned observations, is plotted, and a mean equalizing line drawn 
between them. The result shows that at lowest neaps the half-tide level is 
bout 3| inches below, and at highest springs rises to about 1 foot 8 inches 
above Ordnance datum. Other observations made at the mouth of the Avon 
tend to confirm the conclusion that, so far as regards our local tides, the 
mean half -tide is not a fixed level, and that it is above the Ordnance datura. 
This may point to the probability that tlie mouth of the Avon is somewhat 
within the influence of the surface fall of the lowest part of the Severn, and 
above the true level of ocean low water. 

In connexion with the subject of mean sea-level, it may not be uninter- 
esting to notice that, at the time of the last Meeting of the British Association 
at Bristol, in 1836, the question was much under general discussion, and it 
was resolved that a series of levels should be taken between the 8evem at 
Portishead and Axmouth on the English Channel. These were undertaken 
and carried out by the late Mr. T. G. Bunt in 1837, and were conducted 
with an amount of care and skill to secure accuracy which has seldom been 
exceeded. In connexion with the stations levelled to at either end of this 
line, a series of simultaneous tidal observations were made, by which it was 
found that the sea at Portishead rose at high wat er 13 feet 7 inches higher, 
and fell at low water 12 feet 2 inches low^r than at Axmouth, the total 
difference in the ranges of the same tide at the two places being as much as 
25 feet 9 inches. This is a very striking illustration of tlio effect of the 
momentum of the incoming tide- wave heaping up the water in this funnel- 
shaped estuary. 

On looking at the map it will be seen that the course of the Avon lies at 
about right angles to that of the Severn ; and its tide niny be considered to 
be generated, as it were, by the passing tide of the Severn, rather than directly 
due to the momentum of the original tide-wave. As the flood-tide rises in 
Kingroad it pours into the Avon, and a current is established in the latter 
river which soon obtains a momentum of its own. The effect of this is very 
plainly seen, and serves to illustrate the same phenomena of engorgement 
which takes place on a larger scale in the Bristol Channel, for the tide rises 
to a higher level in the Avon the further we go up the river. Taking the 
flood of an equinoctial spring-tide, wo And that at the mouth of the Avon 
high water rises to 24 feet 10 inches, at Sea Mills to 25 feet 3 inches, at 
Cumberland Basin to 25 feet 5 inches, at Netham Dam to 25 feet 9 inches, 
and finds its summit at a point about six miles above Cumberland Basin, 
where it rises to 26 feet 4 inches, all above Ordnance datum. Here the 
momentum, as we have seen in the case of the Severn, becomes spent, and 
the rest of the tide has a reversed slope up the freshwater river to Hanham, 
where its level is only 26 feet above datum. 

On the longitudinal section of the Avon exhibited, the points above men- 
tioned are shown, as also some cross sections of the river, the slope of the 
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bed, lines of the ordinary run of low water, and lines of spring and neap 
tides. The crest of the dam at Netham is 19*78 feet above Ordnance datum, 
and is the level at which the floating harbour of Bristol is maintained. All 
tides above this level flow over the dam up towards Hanham and Keynsham. 

Another diagram of tidal observations, taken simultaneously for a fort- 
night at the mouth of the Avon and at Cumberland Basin, shows the relative 
heights and times of the tides at these stations through a complete range of 
springs and neaps. It will be seen that the level of high water at Cumber- 
land Basin is, on an average, about 7 inches higher than at the mouth of the 
river. We also find that, as regards time, high water at Cumberland Basin 
is about the same as at Kingroad. High-water equinoctial springs is, how- 
ever, at Noth am about a quarter of an hour, and at Hanham half an hour 
later than at Cumberland Basin. 

Connected with this part of the subject is the duration of flood and ebb, 
and the rate of rise and fall of tide at Kingroad. The general result of our 
observations shows that, at extreme low neaps, the flood is longer than the 
ebb by about one hour ; but that, as the tides increase in range, the duration 
of ebb becomes progressively longer than flood, till at the highest equinoctial 
springs the tide rises from low to high water in 4 hours 45 minutes, and takes 
about 7 hours 30 minutes to ebb. A reference to the diagram (Plate VII. 
fig. 2) will show the rate, hour by hour, of rise and fall at the mouth of the 
Avon for a low neap and a high equinoctial spring-tide. The rapid rate of 
rise of the spring-tide is remarkable, being 11 feet 11 inches in the second 
hour, and ] 2 feet 4 inches in the third hour of flood. 

The velocity of run of tide is not great in the Avon, the highest rate, from 
observations taken at spring-tides in the river 1| mile below Cumberland 
Basin, hardly reaching 3 miles an hour. In the Severn at Kingroad the velo- 
city on half-flood at high spring-tides comes up to about 6 miles, and at half- 
ebb to about 4 ^ miles an hour. 

Amongst other diagrams connected witli the tides will be found some which 
show simultaneous observations of a low neap, and the highest spring this 
year at CardiflP, Portishcad, Avonmouth, Bristol, and Sharpness, kindly taken 
by the engineers of the docks at these several places (fig. 3). 

One important though unwelcome feature connected with the tides of the 
Avon is the enormous (]uantity of mud held in suspension in the water. 
With the exception of the Humber, there is probably no river in England 
that in this respect will compare with it. This part of the subject is one not 
merely of scientific interest, but of practical economical importance ; for it is 
necessary that its eflcct should be taken into consideration in all questions 
of dock construction or maintenance in this district. From many observa- 
tions made to ascertain the average amount of mud held in suspension in the 
water in the river, it is found that, from any given volume of the tide- water, 
there will he a deposit of about ^if^th part of mud, which becomes, under super- 
imposed layers, soon converted into stiff silt. In the Severn the quantity, 
though very considerable, is less than in the Avon. 

The general character of this mud is somewhat different from that of tho 
alluvial deposit which forms the banks of tho river Avon and tho adjacent 
flat lands bordering on the Severn. This alluvium is generally found to con- 
sist of several feet of stiff brown clay, or brick-earth, underneath the top soil, 
below which is a thick lied of bluish silt, containing much very fine quick- 
sand and with but little clay. Below this again is almost invariably found a 
bed of coarse gravel, with frequent fossil remains of red deer, horse, and 

n2 
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ox {Bos longifrons and Bos prhmgenms). The level of the surface is very 
uniform over the whole district, and is below high water of equinoctid 
spring-tides, the country, where exposed to the overflow of the tides, being 
protected by an ordinary sea-bank of from 3 to 5 feet high. The flat margin of 
grass land between the sea-bank and the edge of the water still continues to 
be raised above the level of the enclosed land by the deposit from very high 
tides. 

The mud spoken of is of an exceedingly light character, home up and 
down ill suspension in the water as long as the mean velocity of ebb or 
flow docs not fall much below about feet per second, Wlionevcr from 
any cause the velocity is much reduced, the mud begins to form a deposit. 
An analysis of this silt, and also of the upper and lower strata of the alluvial 
bed through which the lower part of the Avon runs, has been kindly made 
by Mr. AV. W. Stoddart, F.G.S., and is as follows : — 

Top bed of Alluvium (Broum Clay). 


parts. 

Clay 20-52 

8and with small quantity of mica 28*14 

Carbonate of lime 15-11 

Sulphate of lime 4*41 

Protoxide and peroxide of iron 4*74 

Salts of sodium, magnesium, &c 1'05 

Organic matter 4*15 

Moisture 15*28 


100-00 

Bottom bed (or Blue Bilt). 

Clay 3*55 

Sand 31*71 

Carbonate of lime 33*84 

Sulphate of lime 4*69 

Peroxide of irou 2- 63 

Soluble salts 1 *29 

Organic matier 2*04 

Moisture 19*65 

10^0 

Tidal mud of Avon, taJeenfrom recent deposit in North Channel T 

parts. 

Clay 22*18 

Band (viz. coarse 0*61, fine 1*04) 1*65 

Carbonate of lime 22*27 

Peroxide of iron 4*43 

Soluble salts 5-29 

Organic matter 2*13 

Moisture 41*75 

lOO-OO 


A striking instance of the great amount of mud lield in suspension in the 
tide-water of the Avon, and the readiness with which it will, under favour- 
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able conditions, deposit and form accretions, has been shown in the last few 
years at the month of the Avon. In the year 1852 the author assisted in 
making a very accurate survey of the depths of water at the junction of the 
Bevern and Avon, and of the entrance-channels leading into the latter river. 
At that date, and indeed from time immemorial, the only available channel 
for shipping was the “ North Channel,” and there was then a depth of water 
of from G to 10 feet at low water spring-tides. The other channel, the 

Swashway,” was gradually becoming used by small craft when the tide 
was in, but there was no low-water channel through it. The depth of the 
“ North Channel ” was good up to 1865, when the Irish and other steamers 
used to land their passengers there. Even in October 1867, Capt. Bedford, 
ll.N., who was surveying the roadstead, says he found 42 feet of water in 
this channel, but that in 1871 he only found 8 feet, showing an accumulation 
of 34 feet, or at the rate of 9| inches a month.” 

On a plan accompanying this paper (Plate VII.) is shown a survey made 
of the entrances to the Avon in 1852, and another made in 1875, together 
with sections taken across the “ North Channel ” at these dates. In these 
sections the extent of silting up is shown; and calculations made there- 
from give a quantity of over a million cube yards of mud deposited here 
within the last ten years. The top of spring-tide still flows over the surface 
and adds to the deposit, but at neap-tides the new ground can be safely walked 
across. The greatest depth of the silting up is about 41 feet above the bed 
of the river in 1852. 

The foregoing remarks on the watershed and on the recorded observations 
of the tides of the Avon will, it is hoped, have served to give a general 
knowledge of the natural conditions and capabilities of the river. It remains 
only necessary to show briefly what has been, from time to time, done in the 
way of providing for or improving the accommodation for vessels frequenting 
the port. 

Up to about the middle of the last century the shipowners of Bristol seem 
to have been content with the accommodation the tide (then flowing and 
ebbing ihroiigh the centre of the city) gave them. Vessels were then com- 
paratively small, and of a build adapted to lay aground at low water. Erom 
the year 17G5 to 1800, however, various schemes, including amongst others 
designs from Smeaton, Ralph Walker, Josias and AVilliam Jessop, were brought 
forward for providing floating dock accommodation, ending ultimately in the 
carrying out of a plan by William Jessoj). This design took possession of 
those portions of Ihc rivers Avon and Fromc which ran through the city, 
converting them into the present floating harbour, and substituting a new 
channel for the tidal water of the Avon to the south of the city. This scheme 
was projected, carried out, and the docks held by a private company. 

Looking at the character of the public works at that day, the consi-rnction 
of Jessop's works was a very spirited undertaking, and they afforded for a 
long time accommodation in advance of most other ports. But about the 
year 1830, when steam -vessels were hegiuning to take an important place 
and ships were growing in size, the inadequacy of the old lock entrances, and 
the difficulties of the navigation of the river, began to ho seriously felt, and 
various schemes were brought forward to provide accommodation at King- 
road. Amongst other designs for this purpose was one for a stone pier by 
Mr. Mylno in 1832, and another by Sir J. MacNcill in 1839, and also one 
for a floating pier by the late Mr. I. K. Brunei in 1839. None of these, 
however, were carried out ; and to the discontent felt at the want of adequate 
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accommodation for the port soon began to be added the opinion that the high 
charges of the Dock Company tended still further to restrict the trade. Much 
local agitation ensued, ending in the transfer of the docks (in 1848) from the 
Company to the Corporation of Bristol. They at once resolved to make an 
alteration in one of their entrance-locks, so as to accommodate steamers of 
the ‘ Great Western ’ and ‘ Great Britain ’ class, built m Bristol. A new lock 
sufficiently wide to admit these was constructed, on tJie site of a smaller lock 
at Cumberland Basin, by the late ^Ir. Brunei. In this lock may bo seen the 
earliest examples of lock-gates made in the form of caissons. 

The first act of the Corporation, on taking over the docks, was to reduce 
the dues ; and from this cause, as well as also partly from the port sharing 
in the general increase of trade throughout the country, the dock revenues 
began to amend. Just about the same' time the dimensions of steamerR were 
vastly increasing, and an incrensed desire was felt here that the port of Bristol 
should have accommodation ibr them. It was not so mucli a vant of dock- 
space in the floating harbour that was felt, as the ditlicultu's arising from the 
tortuous course of and want of deptJi ni the river, and also the limits placed 
on the breadth of vessels by the lock entering the liarhour. Some improve- 
ments were made in the river, and several schemes for more cxteiisivo 
alterations considered. Various designs for indc^pcndmit docks at Portis- 
liead and on the Gloucestershu'c side of the Avon were also brouglit forth, 
the one on the most extensive scale being by the lati* ^Ir. J. M. Bendcl in 
1852. 

Amongst other modes proposed for providing for tlie laigc'^t class of ocean- 
going steamers was that of placing a dam, vitb suitable entrance-locks and 
works, at the mouth of the Avon, so as to lorm the cluiunci of the river into 
an extension of the present floating haibour, entmdy supjdicd with land- 
"water, and having facilities for admitting ordinary vessels at almost, all states 
of the tide. After long considciation ol the subject, and making tidal and 
other observations bearing upon the (jnestion of its feasibility, the author 
laid before the Corporation, in 1851), the particulars of a design which he con- 
sidered could be practically and safely earned out, and wliicli, vlule it would 
have given to Bristol all she could nt'cd for any extension of trade, would 
not, in his opinion, have been detiimcmtal to the navigation of the Severn 
estuary or to any national interest. Furtlu'r, it was obvious tliat by keeping 
the whole of the trade of the jiort under one jurisdiction, vith due responsi- 
bilities, means would have been available for affording that aitiflcial aid to 
tlie maintenance of the roadstead, and for the regulation of a good channel 
through it, wliich successive surveys show to be increasingly desirable. These 
opinions have not been altered by more recicnt observations of the local con- 
ditions of the case, nor ])y an unprejudiced consideration of the various argu- 
ments which have been advanced against the idea. 

In venturing to propose such a plan, full rec^ognltion was given to the 
general axiom, that the abstraction or supjircssion of the tidal water of an 
estuary or harbour is undesirable. But every case must he judged on its 
own merits ; and investigation of this led to tlic conviction that it would 
not, as regards the 8evern, bo so much ease of abstraction as of partial 
restoration. It is probable that the momentum of the tidal wave, which we 
have in a former part of this paper seen coming up to Kingroad, would not 
be reduced nor the rise of tide there lessened, whether the consequent flow 
of the water were drawn off up the Avon, or left to flow on directly up the 
He vein. Moreover, it was held likely lhat this diversion, instead of bone- 
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fiting the anchorage, tends to lessen the power of the tide to keep open a 
good deep channel in the Severn. Examination of the soundings tends to 
confirm this opinion ; there is an evident shoaling of the water in the Severn 
immediately above the mouth of the Avon. 

The limits of this paper will not, however, permit the bringing forward all 
that might be said on this subject, or the opportunity of showing the natural 
as well as commercial requirements and facilities which the district afforded 
for carrying out such a work. The scheme received, for various reasons, 
considerable local opposition, and was ultimately left in abeyance. The 
great outlay (al^out £1,000,000) which has been recently, or will very shortly 
have been, made on dock- works connected with the Avon, and the separate 
vested interests which have consequently arisen, have placed serious financial 
difficulties in the way of its speedy revival. 

Within the last few years the Corporation have, through the author, as 
their engineer, made many improvements in their existing dock-works. The 
old lock entrances, which were not adapted to the trade of the present day, 
have been supplemented by two new locks, of larger dimensions, laid at a 
deeper level than the old ones, and provided with all modem appliances of 
hydraulic and other machinery for quick work. It would be out of place to 
attempt to give here all the details of construction of these works. Tho 
ordinary and some special difficulties were met with and overcome. These 
chiefly arose from unsatisfactory foundations, and from having to work in 
confined si)ace8 surrounded by water, portions of the wall of the approach to 
tho outer entrance-lock requiring to be built in trenches on the river-hank, 
within tho line of high water, at a depth of 53 feet. In the bottom of tho 
lock excavations much trouble w^as experienced from springs of water from 
the gravel bursting up through the foundation level of the lock. These were 
overcome by build mg in at intervals along tho lock inverts pipes reaching 
down into the gravel, each fitted at the top with a very light gun-metal 
valve, which, littiiig easily with pressure from beneath when the tide is low, 
permits the water to escape, and closes again when the pressure becomes 
greater from above. These relief-valves have acted very satisfactorily. The 
lock-gates arc mostly of wrought iron, made on the arch principle, and partly 
buoyant. In tlicir design some special features have been adopted, which 
may bo seen in the Avorking drawings laid before the Section for inspection 
by any Members feeling interest in the subject. Tho gates work remarkably 
well and keep practically water-tight, a somewhat unusual success in double 
skin lock-gates. Other drawings and details of the dock-works are also open 
for inspection. 

Improvements are also ])eing carried on by the Corporation in the removal 
of some of the projecting points of rock, and the deepening of the bed of tho 
river. The general line of slope to which it is proposed ultimately to re- 
duce the bed is shown on the longitudinal section of the river (Plate YII.). 

Another important work being carried out inside of the harbour is the 
formation of a new quay, about half a mile long, tho construction of the 
retaining-wall of which may bo a matter of some interest. It is being built 
in a trench, witliout a cofier-dam, partly within and partly along the edge 
of tho water of the harbour. With the exception of the face, which is of 
dressed stone, and the coping, which is of granite, the whole of the wall is 
of concrete, laid in steps and beds alternately of blue lias lime and of Portland 
cement concrete, the object being to gain the advantage of the comparative 
cheapness of tho lime, and tho more quick and certaia setting of the cement. 
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A drawing of this work is shown with the others. The two separate portions 
of the work are found to bond well together, and the system is one which 
admits of rapidity of construction, and without much skilled labour. 

In addition to the dock which has been alluded to as under construction 
on the Gloucestershire side of the Avon, there is also another dock on the 
Somersetshire side at Portishcad. As details of each of these docks have 
already been laid before the Section, it is not necessary again to give the 
particulars which the author had j)rcpared respecting them. 


Report of the Committee, comisiing of the Rev. H. F. Barnes, H. E. 
Dresser (Secretary), T. Harlan d, J. PI. Harting, Professor 
Newton, and the Rev. Canon Tristram, appointed for the purpose 
of inquiring into the possihiliiy of establishing a Close Time for 
the protection of indigenous animals, and for watching Bills intro- 
duced into Parliament affecting this subject. 

Your Committee have again to express their regret that, notwithstanding 
every exertion on their part, they were unable to obtain the introduction 
into Parliament, in time to allow of its being successfully carried, of the 
Bill which their former Reports have indicated to be most desirable ; but at 
the same time they have great pleasure in stating that Mr. Henry Chaplin, 
M.P. for Mid Lincolnshire, holds out to them the hope that he will at an 
early period of the next session bring forward such a measure. 

Your Committee continue to receive assurances of the efficient working of 
the Sea-birds Preservation Act of 1861). 

In view of the proceedings likely to be taken in tlic ensuing session, as 
above stated, your Committee respectfully solicit their reappointment. 


Report of the Committee appointed to Superintend the Publication of 
the Monthly Reports of the pi'ogress of Chemistry, the Committee 
consisting o/ Professor A. W. W illiamson, F.R,S,, Professor PTiank- 
land, Professor Roscoe, FJl.S. 

The Committee have much pleasure in reporting that the Chemical Society 
has continued to publish the monthly reports of the progress of Chemistry, 
which were commenced five years ago by the aid of a grant of money from 
the Association, and also raised by donations from members of the Society. 

These reports have been edited by Mr. Watts, to whose earnest and 
assiduous labours much of the success of the reports must bo attributed. A 
considerable number of chemists divide among themselves the labour of 
preparing abstracts of the chemical papers which have been published in the 
course of each month. 

In spite of the smallness of the remuneration offered to these gentlemen, 
the expense of publishing the abstracts is very considerable, and has 
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/become a serious strain upon the resources of the Societ)^ more especially 
now that the aids from the Association and from private sources have already 
been continued for the period which had been assigned to them. 

The Committee have reason to believe that those abstracts supply an 
important need for the advancement of our science, and that they are highly 
valued by the members of the Society and other chemists. 

They confidently trust that the Society may be able to carry on the im- 
portant work which has been thus auspiciously commenced ; and they con- 
gratulate the Association on tlic service which it has rendered to science 
by supplying to that enterprise the aid which was absolutely needed in its 
infancy. 


Report on Dredging off the Coast of Durham and North Yorkshire hi 
1874. Btj George Stewahuson Brady^ C.M.Z.S.j and David 
Robertson^ F.G.S. 

A BRIEF account of the dredging undertaken by us on the coast was presented 
to the British Association last year, but no attempt was then made to give 
lists or detailed observations. The following Report embraces lists of all 
that came under our notice in the groups of Mollusca, Entomostraca (Ostra- 
coda and Copepoda), Polyzoa, Hydrozoa, Bpongozoa, and Eoraminifera. 
Amongst Echinodermata our captures did not include any species requiring 
special notice, whilst among the larger Crustacea (Dccapoda) the only species 
of unusual occurrence in the district were tytowrhgnchus longirosfris, Eabr., 
Fortiinus depumtor, Linn., and Ehcdta iumefactaj Mont. Several species 
belonging to an interesting group of minute Crustaceans not hitherto noticed 
in the British seas (Isopoda llomiganiia of G. 0. Bars) were taken, but we 
are not yet able to name more than one or two of them with certainty. 
Special attention was given to the Acarides, a large number of which were 
obtained, and amongst them some previously luidescribed species which have 
been figured and described by one of us in the ‘ Proceedings of the Zoological 
Society’ for the present year. But the greatest number of novelties occurred 
amongst the Copepoda, 28 species of this group being new to science, and 11 
new to British records. 

The Mollusca, Ostracoda, and Foraminifera of the IN'orlhumbeiiand and 
Durham coasts had been so fully investigated by the Dredgmg-Expeditions 
of the Tyneside Naturalists’ Field-Club, undertaken with the help of the 
British Association in the years 1862, 1863, 1864, that little was left to be 
done in those branches. But, as might be expected, notwithstanding that 
much of the ground had already been well searched, we are now able to add 
to the number of species noted in the previous Reports, while, on the other 
hand, some species contained in the earlier lists are absent from ours^. 

To the list of Testaceous Mollusca prepared by the late Mr. Alder from the 

* It must be noticed, however, that the area embraced m our dred^^ings of last year 
(1874), though of nearly similar extent, is not quite identical with that investigated by the 
Tyneside Field-Club in the years 1862-64. The present Report refers to the coast of 
Durham and the northern part of Yorkshire as far as Scarborough, while those of the earlier 
expeditions embraced the seaboard of the two counties of Durham and Northumberland, 
thus reaching nearly sixty miles further north, while, on the other hand, our last year’s 
explorations went about thirty-five miles further south than those of ten years ago. 



indicates prevailing, moderately common, * rare species, these indications referring only to the localities under which they appear. 

Those marked with the prefixed asterisk are new to the district. 
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Eucjtbere declivis 

Argus (Sars) 

anglica, Brady .. . . 

Krithe Bartonensis {Jones) 
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Genera, Species, and Varieties. 
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Suborder IMPERFOEATA. 

Family Miliolid\. 

Comuspira foliacea, Phil 

Biloculina ringens, Lamh 1 

depressa, H* Orb. . . j 

elongata, J^Orb 1 

TrilcMJulina trigonula, Lamk | 

oblonga, Mont * 

^ tncarinata, P* Orb 1 
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semistriata, Wtl/. . 
distoma, P. J, . 
globosa, Mont, 
marginata, W. J, 
ornata, Wdl. 
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t With respect to this species we hare the follo^ring note from Mr. H. B Brady: — “ Jjagena trigono-marginaiay of Parker and Jones (Phil. Trans. I860, 
Tol. civ. p. 419, pi. 18. fig. 1, a, 6) is a form previously described by Segiienza (Foram. Monotal. Messina, 1862, pt ii p. 75, pi. 2. ^)-62) as Trigontdina 

globosa. The subdivision of the genus Lagena adopted by Prof. Segiienza has not been followed, so far as we faiow, by any other writer, and, indeed, is quite 
needle. Referring this variety, therefore, to Lagma, it b^omes necessary to accept Messre. Parker and Jones’s specific name, the term ‘ globosa ’ as connected 
with that genus being already in use.” 
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three years’ dredgings of the Tyneside Naturalists’ Field-Club, we are now 
able to add 21 species. 

From the same dredgings 19 species of Ostracoda were catalogued by 
Mr. Norman, but five years later the number was increased to 47 by 
Mr. G. S. Brady. Our present list includes 71 species, one of which, 
Cyitierkleis Hilda^ is new to science. ^ 

The Rev. A. M. Norman, who accompanied us during part of the dredging- 
expedition, has kindly examined and reported on the Poh^zoa, Rydrozoa, and 
Spongozoa. Among the Polyzoa is one interesting form new to the British 
seas, Biif/ula fniticosa y Packard; one Ilydrozoon new to the cast coast, Zrt/oea 
jwcillumy Ilincks ; and two undescribed sponges, Hymeniacidon virgulahts 
and Halichondria virgea, both of which are here described by Dr. Bowerbank. 

Tho Foraminifera from the earlier dredgings were ably worked out by 
Mr. H. B. Brady, and numbered 70 species, a total subsequently increased to 
74, or perhaps rather more. The list will now, with the additions we have 
made, comprise 94 species, or rather more than 60 per cent, of the recorded 
British Foraminifera. 

But apart from the number of species obtained there is much of interest in 
their distribution, as ma}' conveniently bo seen in the annexed Tables. It 
was shown by Mr. Alder*' that the Testaceous Mollus(;a of the Northumber- 
land coast present a distinctly boreal cliaracter, which is shared more or less 
by the whole invertebrate fauna; but it may be rcmarked^itli regard to the 
Ostracoda that this cliaracter is by no means so apparent. It will be seen 
from the Table that Cy there luted y C. virtdisy C. angulaia, Cyilierldea punc-- 
tillatay and Cyilienira nigrescens are absent or rare. All these species are 
characteristically boreal, and strongly represented in tlio Posttertiary Gla- 
cial”) clays of Hcotland. At the same time it is interesting to note that 
although Cythere lutea and ( 'yiherura nigresceus are absent or rare in the 
dredgings from this coast, tboy arc extremely common between tide-marks, 
where they must bo subject to much greater variation of temperature. But 
if a low temperature were specially congenial to these species, we should 
expect to find them further out at sea, -whero the}' certainly lived in great 
abundance during the deposition of our Posttertiary clays. It is a curious 
fact that these two species arc confined almost entirely to tlie littoral and 
Laminarian zones of the cast coast, but are abundant in deep water on the 
west, as, for instance, in tlie Frith of Clyde. On the whole, then, we must 
conclude that the Ostracoda and Foraminifera of the north-east coast of 
England do not present that marked arctic character which has been noticed 
in a considerable group of the Northumbrian Mollusca ; but that there is, on 
the contrary, a marked absence of some typically northern forms which are 
abundant in the warmer seas of the western coast. Nor can we suppose that 
a cold arctic current is the only or even perhaps the chief agent in the con- 
tinued existence of this peculiar Northumbrian molluscan fauna, else we 
could scarcely fail to have had an equally well-marked development of arctic 
types amongst other groups of invertebrata whose organization renders them 
even more easy of distribution. We must therefore, in the absence of more 
accurate information, look to some strictly local circumstances as having been 
the chief causes of the retention of the species in question over particular 
circumscribed areas. 


* Natural-History Transactions of Northumberland and Durham, 18C5. 
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TESTACEOUS MOLLUSCA. 

The letters c, me, r, mr, signifying common, moderately common, rare, moderately rare, 
refer only to the hauls in which the species were taken. Those marked * are new to the 
district 

Brachiopoda. 

Arpiope rapsula, Jeff. 4 miVis off Eohin Hood’s Bay, 30-35 fathoms ; bottom broken . 
shells and zoophytes. 

CONCHIFERA. 

Anomia epktjipium, Linn. : inr. Small in most of the gatherings where the ground 
was hard. 

, var. aculeata, Mull. . mr. Small m most gatherings on hard ground. 

Pecten piisio, Linn. • me. 4-0 miles ofi“ Hawthorn and Bedcliif, 20-30 fa. \ gravel 
and dead sheila. 

opercttlaris^ Linn. • mr. The living all small in various gatherings. 

tiffnuKS, ISlull. : me. Off Hawthorn, Staiths, llodchff, and Robin Hood’s 

Bay, 20-37 fa. ; gravelly. 

similis, Laskey . mr 5 miles off Redcliff, 30 fa. ; gravel and dead shells. 

stnaim, Mull. • mr. Off Castle Eden and Kedelifl', 20-80 fa. ; gravelly. 

* mrtm, Linn. Bead, olf Robin Hoods Bay, 30 fa. ; gravel, dead shells, and 

zoophytes. 

Mytilus eduliSf Linn : r. Dead shell, off Redcliff, 30 fa. ; gravel and dead shells. 

modiolus^ Linn : me. Small, none above an inch, 0 miles off’ Hawthorn, 

37 fa ; sand v gravel. 

Lima Loscomhii^ Ct. B. Sow. ; mr. Hawthorn and Redcliff, 20-37 fa. ; sandy 
gravel and dead shells. 

suhauricidata, Mont.: mr. 5 miles oft* Redcliff, 30 fa. ; sandy gravel and 

dead shells. 

Modiolaria disc or Linn. : mr. G miles off Hawthorn, 20 fa. ; sandy gravel. 

nigra^ Gray : r. Dead valves, off Staiths, 25 fa ; gravelly. 

marmorafa, Forbes. In the A scidia vientida, off* Seahain, 35 fa. ,• gravelly 

sandy mud. 

Crenella decussata, Mont. : c. 14 miles off Seaham, 35 fa, ; sandy mud. 

Area tetragona, l*oli : r. Small, 5 miles off* Castle Eden, 20 fa. ; coarse gravel. 
Nucidus nucleus, Linn. : llawthorn and Redcliff*, 20-30 fa. ; sandy gravel and 
dead shells. 

tenuis, Mont. : c. Fry 20 miles off Sunderland, 45 fa. ; muddy sand. 

nitida, Sow. Dead shell, with the last. 

Leda (caudata) minuta, Mull. : me. In most of the gatherings. 

*Pectuncidn8 glycymeris^ Linn. A dead shell, 5 miles off Redcliff, 80 fa. ; gravel and 
dead shells. 

Cardium echinatum, Linn. Dead valves, 5 miles off Robin Hood’s Bay, 30 fa. ; 
gravelly. 

exiguum, Gmel. : r. With the above. 

cdnle, Linn ' r. Dead valves, off Durham coa.st. 

fasciatum, Mont. Oft* Hawthorn and Castle Eden, 20-27 fa. ; sandy gravel. 

norvegieiim, Spengl, : mr. Dead valves, G miles off Hawthorn, 20 fa. j 

sandy gravel. 

Lucina borealis, Linn. : r. 8 miles off Staiths, 25 fa. ; sandy gravel and dead shells. 
JLxinusJlexuosus, Mont. : r. 5 miles off Hartlepool, 35 fa. ; muddy sand. 

^Diplodonta rotunda, Mont. 6 miles oft* Hawthorn, 37 fa. ; sandy gravel. 

Kellia suhorhicularis, Mont. : mr. Off' Hawthorn and Redcliff*, 20-30 fa. j sandy 
gravel. 

Montamta substriata, Mont, : me. Off Redcliff and Robin Hood’s Bay, 80 fa. ; 
gravel and dead shells. 

Cyprina islandica, Linn. : mr. Small, off Marsden and Redcliff, 30-33 fa. f gravel 
and muddy sand. 

Astarte sulcata, Da Costa : c. 5 miles off’ Hartlepool, 85 fa. : muddy sand. 

compressa, Mont. : me. With the above. 

triangularis, Mont. : mr. With the above. 

1876. 
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Venus exoletUf Linn. Dead valves, 6 miles off Hawthorn, 20 fa . ; sandy gravel. 

Unctay Pult. ; mr. Off Marsden, 33 fa. j muddy sand. 

fasciatay Da Costa : me. Off Redcliff and Robin flood’s Bay, 80 fa. ; gravelly. 

casintty Linn. : me, and large. 14 miles off Seaham, 3o fa. ; sandy mud. 

ovatUy Perm. : me. Large, off Hartlepool and Redcliff, 30 fa. ; muddy sand 

and gravel. 

gallinay Linn. : me. Off Redcliff, 30 fa. ; gravelly. 

Tapes vtrgineicsy Linn. * me. Off I lawthorn and Castle Eden, 20 fa. ; sand and gravel. 
Ztfrmopsis ff}idnfa,Venn • r. Off Hartlepool, 3(J fa. ; muddy sand. 

Tellma crassay Omel. Off’ Hawthorn, d(‘ad .shells, 20 fa. , sandy gravel. 

* temnsy Da Costa • mr. Otf Redcliff, 30 fa. ; graved and dead shells 

pusilluy Phil. : mr. With the above. 

* fahulay Gron. : me. Large, off Seaham, 35 fa. ; sandv mud 

Psammohia ieUineUa, Lamk. : mr. 14 miles off Seaham, Hawthorn, 35 fa. ; sandy 
mud and gravel. 

ferroemiSy Chem. * me. Off Hawthorn, 20 fa. , sandy gi-avel. 

Mactra subtnoicatay Da Costa • r Castle Eden. 20 fa. , gra\ elly. 

ellipticay Brown. Off Hawthorn and Redcliff' 

* stultonmu Linn. A valve, off Scarborough, 17 fa : sandy. 

Scrobiculana pnwiatica, IMont * me Off Seaham, 35 fa. , sand} mud. 

albay Wood * r. With the above. 

Soleti pelhcci^^ us y Penn. 20 miles off Sunderland, 45 fa. ; muddy sand. 

* aisis, Linn, A broken valve, off Redcliff', 30 fa , gi’avelly. 

Thraci a papyracea y I* oil : mr. Off’ Hawthorn, 20 fa , sandy gra\ el. 

, var. z'lUosiHsciday Macq • r ^\hth the above 

Neeera cuspidatay Olivi. One yoimg, covered with .sand, off Seaham, 35 fa ; sandy 
mud. 

Corhula gihho, 01i\i • me. Off Sunderland and Seaham, 35-45 fa ; muddy sand 
Mya trvncata, Linn. Valves, and some fry between Castle Eden and Redcliff', 
20-35 fa. ; gravelly. 

Saxicava rugosny Lmn. : me. None large, in njo.st of the gatherings. 

arctica, Linn * r. Redcliff, 30 fa ; gravel and dead shOls. 

^Pholas erispafay Linne. Fragment of large shell, between Castle Eden and Redcliff, 
20-35 fa. ; gravelly. 

S0LEN0C0^’CHIA. 

Pentalium entalis, Linn, : c, and large. Off Hawthorn, 20 fa. ; sandy gravel and 
other gatherings. 

* tarentinvm, Lamk. • r. Small, dead, off Hartlepool, 35 fa. ; muddy sand. 

Gasteropoda. 

Chiton cinereus, Linn. : r. Off Staiths, 25 fa ; gravel and dead shells. 

marmoreusy Fahr. : r, Rohm Hood’s Bay, 30 fa. ; gravel and zooph}te8. 

Tectura virgineOy Mull. : r. Off' Castle Eden, 20 fa. ; coar.se gra\el. 

Emarginula JissurOy Linn. : mr. Off’ Redcliff, 30 fa. ; graved and dead shells. 
Capulus hmgaz'icusy Liiin. : mr. Small, off Seaham and Robin Hood’s Bay, 
85 fa. j 8an(H mud and gravel. 

*Trocktc8 magnusy Linn, : r. Dead, off Hawthorn, 20 fa. ; sandy gravel. 

tumiduSy Mont. : me. Off Redcliff’, 30 fa , gravelly and dead shells, mostly 

small. 

cinerariuSy Linn. : r. Off Castle Eden, 20 fa. ; coarse gravel. 

Montacutiy Wood: r. Off Redcliff’ 30 fa. ; gravel and dead shells. 

miUegranuSy Pldd. : c. Oft’ Castle Eden and Redcliff, 20-30 fa. ; gravel and 

dead shells. 

zizyphinusy Linn. : c. Off Castle Eden and Redcliff, 20-80 fa. ; gravel and 

dead shells. 

« ^ var. I/yonniy Leach. With the above. 

''^Lacuna crassiory Mont. : r. Off Castle Eden, 20 fa. ; coarse gravel. 

— ~ paUidulay Da Costa : r. Off Staiths, 26 fa. ; gravel and dead shells. 

Rissoa puncturay Mont. : me. Off Marsden and Seaham and Hawthorn, 20-85 
fa. j sandy gravel. 
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Mima parvoj Ba Costa : me. Durham and Northumberland coasts, 20-30 fa. 

, var. interrupta. More common. 

striata^ Adams: me. In most of the gfatherin^s. 

vitreiif Mont. ; r. Off Hawthorn, -35 la. ; sandy gravel. 

♦ fiolutriy Phil. : me. Obtained with the above 

CcBcum glahniniy Mont. : me. OIF iSeahain and ItedclilT, 30-35 fa . ; sandy mud 
and gra'v el. 

Turriti'Ua terehra, Linn. O/TMarsden and Seiham, 35 fa. ; muddy sand. 

Scalana Trerelijanay Leach : me OIF ItedcIifF and Ilobin Hood’s Bay, 30-35 fa.; 
gravelly 

Acha ascansy Turton : r. OIF Scarborough, 17 fa. ; sandy. 

*Odosiornia f'lssoides, Hanlev • r. Off llawtliorn, 20 fa , sandy gravel. 

acuta, JeiF : nir. OiF Hartlepool and Scarborough, 25-35 fa. ; muddy sand 

and gra\ el. 

tondenfafa, Mont. • r. Off Hawthorn, 20 fa , sandy gravel. 

oblifjaa, Alder, r. OfFMarsdeii, .‘H fa , muddy sand. 

♦ , var. nouveau, Thompson Off’ Hawthoin. 

iruhstmefa, JMont me Off'Bobin Hood’s l»<iy, 30 fa, ; gravelly. 

inferstmcfay IMoni. * r. OlFC istle Eden, 20 fa , gravelly. 

spiratiH, .Mont me. Ilobin Hood’s Bay, .30 fa. ; gravelly. 

tactea, Linn ; me, T*.cd(*IilF, 30 fa. , gra\(‘l and dead shells. 

» flcuvf/rr, Phil me. Off’ Hawthorn and Scarborough, 20-25 fa.: sandy gravel. 

SHlifct Turtoniy I hod : mr, OIF Sundeiland and Seaham, 20-35 fa.; on spines 
of Echmm pi etas. 

Euhma distortny Desk. : c. OfF Hawthorn, 20 fa. ; sandy gravel. 

, var (jraciha With the above 

biiineafa, Alder me. OIF Seaham and Hartlepool, 35 fa. ; iniiddv sand- 

Naiica lalaudicn, (Jmel r. Off JvedclifF, .‘K) fa.; gravel and dead .shells. 

gram! and tea y Beck * r. 20 miles of Sunderland, 45 fa. , muddy sand. 

Alderi, Forbes * me. Small, in most (,'f the gatherings. 

Motif acid i {Montagid), Forbes* nir In a few of the gatherings. 

Velntina kcvigatay I’enn • mr. OIF JJobin Hood's B i}*, 30 fa : gravel and zoophytes. 
Aporrhai'> pc\s~pcJeca)ii, Linn : me. Off* Mursdeu and Simderiaud, 33-45 fa.; 
muddy sand. 

Buccintmi utidntiaiiy lAmi. Obtained with the aho-ve, the shells thin and small 
with high ridges 

Trophon tnmeatuH, Strom : me. Bedclifl'and Ilobin Hood's Bay, 30-.35 fa. ; gravelly. 
FmuH gracihsy Da Costa- me 7 miles off JMarsderi, .30 fa. ; muddy sand. 

antiquuSy Linn • me. With the abo\e, mostl}^ .smnll, some large. 

propinqutfs, WdQY : mr. OfF Marsden, 33 fa. : muddy sanrl. 

Xassa nicrnssatay Strom ; me. Hawthorn and Iledcliff', 20-30 fa. ; sand and 
gravel. 

Defrancia hnearhy Mont. * me. TledelilF, 30 fa. ; gravel and dead shells. 

« purpurea, Mont. Obtained with tlie above. 

Pleurotoma hrachystoma, Iffiil mr OIF Marsden, 33 fa. ; muddy sand. 

turricula, JVlont. : me. Off Iledclifl', .30 fa, ; gravel and dead shells. 

Trevelyana, Turton : me. Off'Ilobin Hood’s Bay, 30 fa. ; gravel and zoophytes. 

Cyprcea europera, ^lont • r. Dead shell in several gatherings. 

Cylichua umbihcata, Mont. : me. Castle Eden and Redclift', 20-30 fa. ; gravelly. 

cyhndracea, Penn. : c. With the above. 

^Utricukis ummmi/latusy Phil. : mr. With the above. 

<rwnefl^u/M5, Brug. : me. Off* Sunderland and RedclifF, 30-45 fa, ; muddy 

sand and gravel. 

obtusuH, Mont. : r. OiF Sunderland, 45 fa. ; muddy snnd. 

*Act(Bon tornatilis, Linn. : me. All small, none more than ^ inch, off Hawthorn 
20 fa. ; sandy gravel. 

Philine scabra, Mull,: mr. Off* Marsden, 33 fa. ; muddy sand. 

Pteropoda. 

^Spinalis retroversus, Flem. : r. 6 miles oiF Redcliff, 30 fa. ; gravel and dead shells. 

0 2 
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Subclass ENTOMOSTRACA. 

Order Copepoda. 

Calanus finmarchtcus (Gunner). Occurs in almost every dredging. 

* longiremis (Claus). One specimen found in a depth of 85 fa., off Robin 

Hood’s Bay. 

Dias longiremis^ Lilljeborg. Abundant in many dredgings, and occurred more or 
less in all. 

Temora longicornis (Muller). Occurred in most of the dredgings. 

Isias clavipesj Boeck. In a depth of 35 fa., off' Robin Hood’s Bay. 

Centropages hamatiis (Lilljeborg). Found in many of the dredgings. 

Cgclops littoralisy Brady. In a depth of 45 fa., 20 miles east of Sunderland. 
Thorellia hrunnea, Boeck. Off* Robin Hood’s Bay and Staiihs, 25-35 fa. 
CyclopsyUus elongatus, nov. gen. et sp. In a depth of 27 fa., off Hawthorn ; sandy 
bottom. 

^Misophtia pallida^ Boeck. In company with the preceding species. 

Lophophorus imigms, nov. gen. et sp. One specimen taken m the same dredging 
as the preceding. 

Longipedm coronata, Claus. Abundant in almost every dredging. 

Ectinosoma curticomiSj Boeck. Almost always in company with the preceding, 
and equally abundant ; both species prefer sandy ground. 

* Sarsii, Boeck. Off Robin Hood’s Bay, 35 fa. 

erythropsj nov. sp. In depths of 20-35 fa., off Hartlepool, Red Cliff, Staiths, 

an i Robin Hood’s Bay ; but always scarce. 

tenmsj nov. sp. Off' Ilawthorn, 27-37 fa. 

Zosime (''^) fusiformis, nov. Off' Red Cliff', 35 fa. 

sptnulosaf nov. sp. Off Hartlepool. 

<^Eradga typicaflioeck. Four specimens, off Hartlepool ; sandy bottom. 

Spio hrunnea^ nov. gen. et sp. Oft' Hawthorn, 27 fa. ; sandy bottom. 

^Amytnone falcata^ Norman. Off Marsden, 25 fa. ; off’ Robin Hood’s Bay, 35 fa. 

longimana^ Claus. One specimen, taken off' Hawthorn, 27 fa. 

« splimrica^ Claus. One specimen, off' Red Cliff', about 35 fa. 

Pterothrix sordida^ nov. gen. et sp. 20 miles off Sunderland, 45 fa. ; muddy sand : 
and 5 miles off Hartlepool ; sand. 

Tetragoniceps longiremis, nov. gen. et sp. In 30 fa. , off Staiths and Robin Hood’s Bay. 
^Stenhelia rostrata'^ (Claus). In 35 fa., off Red Cliff and Robin Hood’s Bay. 

hispida (Norman). Off Marsden, 30 fa. 

(?) ima^ Brady. Off Marsden, Seaham, Staiths, and Red Cliff, 20-30 fa. 

*Ameira longipes, Boeck. 20 miles off Sunderland, 45 fa. ; and oft’ Staiths, 35 fa. 

curticornisj nov. sp. Off Marsden, 30 fa. ; 20 miles off Sunderland, 45 fa. 

Idya furcata (Baird). Occurred more or less commonly in all the dredgings. 
Delavalia rejlexa, nov. sp. 6 miles off Hartlepool , sandy bottom. 

robusta, nov. sp. Off Staiths and Robin Hood’s Bay, 30-35 fa. 

Laophonte duhia^ nov. Sj3. Off Marsden, 30 fa. ; off’ Hartlepool. 

Hodgii, Brady. Off Hawthorn, 27 fa ; and off Hartlepool. 

Cletodes pectmatuy nov. sp. Off Sunderland, Seaham, Hartlepool, Red Cliff, and 
Robin Hood’s Bay, in d^ths of 20-45 fa. 

propinqm, nov. sp. Off’ Marsden, 25 fa. 

longicaudatay nov. sp. 5 miles off Hartlepool ; sandy bottom. 

suhnigra, nov. sp. Off Robin Hood’s Bay, 85 fa. 

Harpacticus chelifer (Muller). Off Mar.sden, 25 fa. ; muddy sand. 

crassicomis, nov. sp. Off Robin Hood’s Bay, 35 fa. 

Zaus ovalis (Goodsir). Off Staiths and Red Cliff, 30-35 fa. 

Alteutha hopyroidesj Claus. Common in all the dredgings. 

Thcde%tris longimana^ Claus. Dredged off Scarborough. 

kelgolandicay Claus. 6 miles off Hawthorn, 27 fa. 

rufocinctay Norman. Off Hawthorn and Red Cliff, 27-35 fa. 

^Dactylopus flams y Claus. Off Hawthorn, Red Cliff, Staiths, and Robin Hood’s 
Bay, 27-36 fa. 

tishoidesy Claus, Off Red Cliff and Robin Hood’s Bay, 30-85 fa. 
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Dactylopm tenmremisj nov. sp. 20 miles off Sunderland, 45 fa. ; and off Red Cliff, 
Staiths, and Robin Hood’s Bay, 30-35 fa. 

nanuSy nov. sp. 20 miles off Sunderland, 46 fa . ; muddy sand. 

cinctus^ Claus. Off Red Hill, 36 fa. 

MhisothrLv curvata, nov. gen. et sp. Off Robin Hood’s Bay, 35 fa. 

Jurinia mimtay nov. sp. Off Hawthorn, 27 fa. 

Oyclopicera myripeSy nov. sp. In many dredgings, 3-6 miles off shore, in depths 
of 20-35 fa. 

^Notodelpliys agilisy Thorell. 1 specimen, off irawthorn, 27 fa. 

Lichornokpis fucicoliis (Brady). In several dredgings from Marsden to Scarborough, 
20-35 fa. 

lihevy nov. sp. Off Marsden, Scarborough, and Hawthorn, 20-27 fa. 

Thorelliiy nov. sp. Off Marsden, Hawthorn, and Robin Hood’s Bay, 20-35 fa. 

^Artotroqm orbicularis Boeck. Off Red Cliff, Staiths, and Robin flood’s Bay, 
20-35 fa. 

Dyspontius Normaniy nov. sp. 3 specimens taken, 0 miles off Hawthorn, 27 fa. ; sand. 
Solenosto7na scHtatiwiy Brady and Robertson. Off’ Red Cliff’, Staiths, Robin Hood’s 
Ba}^, and Hawthorn, 27-35 fa. 

Ascomyzon calvuniy nov. sp. Off’ Staiths, 30 fa. 

omatimiy nov. sp. Off’ Scarborough and Robin Hood’s Bay, lf>-.35 fa. 

The number of Copopoda noted in this list is 03, of which 28 are new to 
science, and 11 (marked here with an asterisk) are hitherto unrecorded as 
British species. It is but right, however, to add that several of these, though 
undescribed, were previously known to us. Still the result of the dredging in 
this department is extremely interesting, more especially in the considerable 
number of new species which it has brought to light belonging to the curious 
groups called by Thorell Poecilostoma and Siphonostoma. The list of marine 
Copepoda published by Mr. Brady m 1872, in the ‘ Natural-History Trans- 
actions of Northumberland and Durham,’ and including all then known as 
inhabiting the shores of those two counties, both littoral and pelagic, comprised 
only 49 species ; so that our present list of 63 species taken over an area of 
similar extent, and from dredged material only, must, we think, be looked 
upon as highly satisfactory. 

The dissection and delineation of these minute creatures is extremely 
tedious, and we have not as yet been able to complete the work so far as to 
warrant us in giving descriptions of the various new species. 


On the Polyzoay ffydrozoa, and Spongozoa, By the Rev. A. M. Nouman, M.A. 


POLYZOA. 


Scrupocellaria scruposa (Linn,). 

scabra ( Van Ben.). 

Cellularia Peachii, Bmk. 
Menipea temata (Elh^ <S* Sol.). 
Bugula avicularia (Pallas). 

purpiirotincta, Norman. 

ffabellata (J. V. Thompson). 

Murray ana (Bean), 

fruticosa, Packard, 

Flustra foliacea, Linn. 

truncata, Xfww. 

Membranipora pilosa (Lmn.). 
Flemingii, Busk, 


Lepralia reticulata, McLcg. 

auriculata, Hassall. 

concinna, Busk. 

linearis, Hassall. 

ciliata (Linn,). 

nitida (Pabr,). 

Peachii, Johnst, 

ventricosa, Hassall. 

Cellepora avicularis, Hincks. 

ramulosa, Linn. 

dichotoma, Hincks. 

Crisia eburnea (Linn,). 

denticulata (Lanik,). 

Crisidia cornuta (Linn.). 
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Hydractinia echmata {Fleming). 
Eudendrium ramosum {Linn.), 
Tubularia indivisa, Linn. 

coronata, Ahildgaard. 

Clytia Johnstoni (Alder). 

Obelia gpeniculata {Linn ). 

longissinia (Pallas). 

Carapanularia llmckbii, Alder. 

rerticillata (Limi.). 

Lafoea dumosa (Fleming). 

pocillum, Jlineks. 

Calycella syriiiga (Linn.). 
Filellum serj^ens (Jlassall). 
Coppinia nrcta (Daly ell). 

H alecium halecinum (Linn.). 
Beanii, Johnston. 


Hydbozoa. 

Sertularella polyzonias (Linn.). 

tenella, Alder. 

Diphasia rosacea (Linn.). 

attenuata, Hincks. 

fallax (Johnston). 

I tainarisca (Linn ). 

' Sertulana hlicula, Fills Sol. 

abietina, Linn. 

' Idsca, JolinsUm. 

Hydrallmama falcata (Linn.). 
Thuiana artic-iilata (Pallas). 

thuia (Linn). 

Piumulana pinnata (Linn.). 

setacea ( Elks ) 

Cathaiina, Johnston 

fruteacensj Elhs Sol. 


SpoNgozoa. 

Grantia ciliata, Johnston 

Polymastia robusta, Bow. 

mamillaiis (Johnston). 

Microciona fictitia, Bow. 

Hymeniacidon coccineus, Bmu. 

virgulatus, Boiv , n. sp. 

Among tbe Polyzoa is Biigula friiticosa of Packard^, first described by 
Packard from Labrador, and subsequently by 8mitt from Spitsbergen and 
Finmark, but not previously found in our seas. I entirely agree with Smitt 
in considering it to be a form, though a very interesting one, of Bugula 
Murrayana, It differs from the ordinar}' state of that species in being more 
delicate in structure, the branches and branchlets much narrower, commonly 
with only one or two rows of cells, and the cells armed with only few spines, 
typically one only at the superior and outer angle. 

The Hydrozoon Lafoea pociUum, Hmeks (Hist. Brit. Hydr. Zooph. p. 204, 
pi. xi. fig. 2), is a recently described species, which has not previously been 
found on the cast coast. Its known habitats were Labrador and Oban. 

Two Sponges are ])ronouneed by Dr. Bowerbank to be undc&cribed, and 
subjoined will be found descriptions which have been drawn up by that 
gentleman. He has named the species IJ ymeniacidon virgulatas and Ualu 
chondria virgea. 

Ilahchondria virgea^ Bowerbank, n. sp. 

‘‘ Sponge massive, sessile, more or less nodulous. Surface smooth. Oscula 
simple, dispersed. Pores inconspicuous. Dermal membrane abundantly spi- 
culous ; tension-spicula acuate, very long and slender, numerous, fasciculated ; 
retentive spicula bidentate, cquianchorate, large, few in number, and the 
same form, small and numerous. Skeleton — rote more or less regular ; fibres 
rarely multispiculous, seldom more than trispiculous ; areas large ; spicula 
subfusiformi-acuate, basally spinous. Interstitial membranes spiculous ; 
spicuiae same as those of the dermis; tension-spicula of rare occurrence; 
retentive spicula rather numerous. 

* Menipea fruticosa, Packard, List of Labrador Marine Animals, p. 9, pi. i. fig. 3, = 
Cellularia quadridentata, Lov6n, MS. 1834 (fide Smitt), =Bitgida Murrayana forma madru 
dentata^ Smitt, Kritisk Forteckning ofver Skandmaviens Hafs-Bryozoer, p. 292, pi. xviii. 
figs. 23-27. 


Ilvnieuiacidoii ficus (Johnston). 
llalichoiidna panieea, Johnston. 

virgea, Bow., u sp. 

Isodictya liirida, Bow. 
Spongiouella pulchella (Sowerby). 
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Colour, in the dried state, dark purple. 

“ Hah. Coast of Durham, 30 to 35 fathoms {Rev. A. M. Norman). 
Examined in the dried state.” 

“ Hymeniacidon vlrgulatns, Bowerbank, n. sp. 

“ Sponge virgultose, slender. Surface smooth. Oscula simple, dispersed. 
Pores inconspicuous. Dermis abundantly spiciilous ; spicula acuate, slender, 
same size as those of the skeleton, dispersed. Skeleton rather open and 
cavernous ; spicula acuate, long and slender. 

‘‘ Colour, in the dried state, cream- white. 

Hah. Coast of Durham, in 20 to 30 fathoms (Rev. A. M. Norman). 
Examined in the dried state.” 


Report on Observations of Luminous Meteors daring the year 1874-75, 
btj a Committee y consisting o/ J ames Glaisher, of the Royal 

Observatory j Greenwich, Pt. P. Greg, F.G./8., F.R.A.S., C. Brooke, 
F.R.S., Prof. G. Forbes, F.R.S.E., Walter Flight, D.Sc., F.G.S., 
and Prof. A. S. IIerschel, F.R.A.S, 

The operations of the Committee during the past year were restricted to col- 
lecting and recording occasional observations of meteors, without renewing 
periodical requests to observers to watch for the meteor-showers of best 
known dates and characters of annual recurrence. The list of collected 
accounts of luminous meteors is therefore less ample, but not less remarkable 
and important, than in former years. The falls of aerolites (as will be scon 
in the concluding Apjiendix) which have been placed on record since the last 
Deport are more than ordinarily numerous and interesting. A mass of 
meteoric iron fell on the 24th of August, 1873, at Marysville, California, and 
is one of the very few metallic irons the actual descent of which has been 
witnessed. In the following month, on the 23rd of September, 1873, a 
number of meteorites fell near Khairpur, in the Punjab ; and it is also 
related that in the month of December in the same year, while the British 
army halted on the banks of the Prah, an aerolite fell in the market-place of 
Coomassie, and was regarded by the native population as a portent of evil. 
On the 14th and 20th of May, 1874, aerolites fell at Castalia, in JN'orth 
Carolina (U.S.A.), and at Yirba, in Turkey, the last of which was noted in 
the last Report ; and examinations of both of these meteorites have now been 
made. The last stone-fall of the past year took place near Iowa (U.S.A.) on 
the 12th of February, 1875 ; and of this meteorite also special analyses were 
made in the United States, of W'hich some unforeseen results were lately- 
announced by their author, Mr. A. W. Wright, as will be described in the last 
part of this Report. In comparison with meteoric irons, it was found that this 
meteorite gave off, by gentle heating in a vacuum, carbon oxides as occluded 
gases in greater abundance than hydrogen, which is the principal gaseous 
constituent of meteoric irons ; and it was observed that the electric spectrum of 
the gaseous products resembled very close!}" that found most frequently in 
comets, and even in one condition to exhibit most distinctly the green 
nitrogen lino coinciding with a conspicuous line in the sun’s corona. A 
meteor of unusual size appeared over Victoria, in Australia, on the 14th of 
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April last, which if not aerolitic was yet of the largest class, and detonated 
with a violent explosion. Further remarks in the same Appendix describe 
recent researches on meteorites, and some new links which they establish 
between aerolites and terrestrial rocks. 

In England no detonating meteor has been recorded since the last Keport ; 
and the brightest meteor that was observed occurred on the Ist of Sep- 
tember last, taking its course over the north of England or Scotland, where 
clouded skies must have prevailed, as its flash was like that of lightning even 
in Cornwall, where, as in Lancashire, its bright luminous streak remained 
risible, at no great apparent altitude, among the northern stars of the Great 
Bear. Other bright meteors occurred also on the 2nd and 16th of September, 
on the 11th of October, on the 1 7th of December, and subsequently on the 
9th of March, 12th of April, and 2iid and 4th of May in this year, of several 
of which duplicate observations are recorded in Die lists of the first two 
Appendices of this Kejiort. A meteor burst with a loud detonation over Paris 
and its neighbourhood on the 10th of February last, which was of great size 
and brilliancy, and left a cloud-like streak of light on its track lor more than 
half an hour. duplicate observation of it was obtained in England ; but 
from the numerous French descriptions of its appearance, its real path and 
height may be expected to have formed at the present meeting in Nantes of 
the French Scientific Association a subject of examination and discussion. 
Another fireball, according to French scientific journals, fell at Orleans on 
the 9th of March, and of this two good observations appear to have been 
obtained in England (in London and in Essex), which may assist to determine 
its real height. 

During the annual meteor-showers of the past year very unfavourable 
weather generally prevailed for recording meteor-tracks, and few meteors 
were seen on those nights when the usual expectations of their appearance 
were entertained. On the 19th of October and 12th of December, 1874, and 
on the 19th-21st of April, 1875, the annual star-showers of those dates 
were scarcely perceptible, or were represented by so few conformable meteors 
as to make the scarcity of the October, December, and April star-showers 
during the past year a marked feature of their periodical display, and no 
appearance of the January meteors could bo observed on account of obstinately 
cloudy skies. The August star-showers of 1874 and 1875 were, however, of 
great brilliancy, and afibrded a great number of excellent observations. 
Duplicate descriptions of some of the meteors were obtained, and the radiant- 
point was noted, its position appearing to have been this year more con- 
fined to the normal place near ri Persei than it had been recently observed. 
Descriptions of these meteor- showers are added in the third Appendix of 
this Eepoi-t. 

A thorough examination of all the observations collechid by the Committee 
since the publication of the Meteor Atlas in 1867, with the view of extending 
and correcting the list of general and occasional meteor- showers which it 
embraced, from the best data furnished by recent observations, has been con- 
tinued with satisfactory results under the care and direction of Mr. Greg ; 
and the projection of all these useful materials is now nearly completed and 
exhibited on maps. A supplementary Table of radiant-points contained in the 
pages of this Report represents the results of his examination ; and a number 
of interesting consequences are drawn from them of the position and identity 
of some star-showers, which had been a subject hitherto of questions and 
discussions. 

The scattered radiant-region belonging to the August meteors in Cas- 
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siopeid and Perseus appears to be accounted for by a distinct radiant-point 
in Cassiopeia, of which the principal date coincides only partially with the 
10th of August, and whose shower again presents a prominent and distinct 
appearance on the 23rd of that month. Most of the general meteor systems 
described in the former Atlas arc found to be confirmed, and some very 
distinct radiant-points not previously recorded have at the same time been 
added to its list. 


APPENDIX. 

I. Meteors doubly Observed. 

On September 1st, October 11th, and December 17th, 1874, and on 
April 12th and May 2nd, 1875, accounts of the appearance of large meteors 
were received, which had been pretty generally observed, and of which from 
their magnitude it may be hoped that more abundant particulars will be 
obtained. The following descriptions of the first two of these large meteors 
were collected from published sources by Mr. Wood, together with some other 
appearances of large meteors and meteor-showers of interest during the past 
year. Mr. Wood’s observation of the fireball of April 12th, 1875, and those 
relating to the other doubly observed meteors above mentioned, will be found 
in the fireball list of the next Appendix, together with some examples of 
doubly observed shooting-stars during the bright shower of the August 
meteors in 1874. It has not been attempted to submit these comparative 
observations to regular reduction and calculation, partly as those of the 
large meteors are too uncertain to afford useful determinations of their real 
heights, and (in the case of the shooting-stars) in the expectation that a 
closer examination of the descriptions received of the August meteor-shower 
in 1874 will continue to furnish further examples of them of which the present 
may be regarded as instances of only the most conspicuous occurrence. 
Among the few records of the periodical meteor-showers that have been 
received (without solicitations from the Committee), during the past year, 
no other cases have presented themselves in which determinations of a 
meteor’s real height might he obtained by the combination of distant ob- 
servations. 


Newspaper Accounts op Meteors. 

Awjhton, Lancashire . — A large meteor seen September 1st, 8.49, in the 
S.S.W., descended the west margin of the Milky Way. Trended a little 
more west. Train of light 25° long, lasted one minute.” — Times^ Sept. 5. 

Louth . — Meteor moved from S. to N. 

Bnstol . — “ Meteor appeared 3° under if Ursee Majoris. W. to E.” — 
Times f Sept. 3. 

Bimiinyham . — “ About 8.15 p.m. on Sept. Ist a bright meteor emerged 
from the Constellation of the Great Bear, and took a S.W. course. The 
period of transit was several seconds, but the splendid light left in its track 
illuminated the heavens for a considerable time .” — Birmingham Daily Post^ 
Sept. 3. [For descriptions of this large fireball at Bristol and at Bude, 
Cornwall, see the List in Appendix II.] 

Nottingham, — Meteor of Sept, 2ifKl, 10.53. See ‘ Times,’ Sept. 4tb. 

Birmingham , — October 11th, 8.55. ‘‘ A bar of fire as even as a mea- 

sure, 4 or 5 yards long and 2 inches thick, in a horizontal position. It 
was very bright, and remained so for a minute and a half. It appeared in 
the N.E.” 
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Tipton, — October 1 Itb, 8*^ 55“. ‘‘ Meteor seen as a brilliant white body 

of the size of a 68-lb. shot. It started a little to the right of the North 
Star, taking a downward and rapid flight ; then changing its course in an 
upward curve, in the direction of the Pleiades, with a much slower motion, 
lighting up the neighbourhood, and leaving a luminous train throughout its 
course, visible 6 minutes.” — Daily Post, 

A meteor similar to the one described above was observed at almost the 
same time at Leeds, near Maidstone, Kent. “ At the end of its flight it ex- 
ploded with a loud noise, so loud that the informant described it as louder 
than the loudest thunder he ever heard.” — Birmingham Daily Post. 

Asserted meteor shower Oct. 15, “ between 12 p.m. and 1 a.m. ; meteors at 
the rate of fifty per minute at least.” — Enghsh Mechamct Oct. 23, page 158, 
letter 20374. 

The inhabitants of Valparaiso were in a terrible state of alarm on the 
14th ultimo [November 1874j. A bright star and full moon appeared at 
middle day, notwithstanding the fact that the sun was shining brightly at 
the time. The ignorant amongst the populace thought that an earthquake 
was about to take place. Nothing of the sort, however, occurred.” — Bir- 
mingham Local Newspaper, Dec. 1874. 

“ Large meteors were seen during the recent clear nights in different 
places in France — at Havre on the J2th, and at Paris on the 10th. The 
Paris meteor was seen at two o’clock in the morning ; the direction was not 
specified, but the colour was green. The Boulevard St. Michel appeared as 
if it were illuminated. The Havre meteor was very large, going with an 
immense velocity from S.E. to N.W.” — Nature, April 22nd, 1875. 

“ A beautiful meteor was seen at Tottenham Lock on June 3rd, at 
8.40 P.M., rather to the cast of south, about 30° from the horizon. This is 
very close to Spica.” — English Mechanic, Zuwa 11th, page 328, no. 533. 

“At Clapton a splendid meteor was observed at 8.39 pm. on June 3rd, 
due south, slow speed, taking a south-westerly course. Meteor brilliant, whiter 
and much brighter than Jupiter, Avhich looked faint in comparison.” — English 
Mechanic, June 11th, page 328. 

“ Great detonating meteor seen at Melbourne, April 14th, 1875 (see the 
notebelow)”^.— ir. i/. IF. 

To the above list of newsjiapcr accounts of large meteors collected by Mr. 
Wood may be added the following two accounts in ‘Natuie’ of Oct. 15th, 
1874 (vol. X. p. 482), of the remaikable fireball of October 11th, last year. 
A singularity in the meteor’s motion, with slow speed on a deflected course 
at last, appears to have been observed both at Tipton (as above) and at 
Eainhill ; but it is doubtful if motions of the persistent streak, left for some 
minutes in a bright patch at the point where the meteor disappeared, may not 
account for the very singular change of motion there, which the nucleus 
itself, in two of these observations, is described to have presented. 

“ Bright Meteors. 

At 8.55 this evening a party of six observed a meteor in the constella- 
tion Aries, or below it, which emitted light sufl&cient to cast a bright gleam 
on the neighbouring trees. The body of the meteor shot rapidly along a 

* Coimnuuicated by Mr. W. H. Wood. — A paragraph from ‘ The Illustrated Australian 
News’ of May 17th, 1875, is added by Mr. Wood, the substance of which, relating also 
to an engraving of the meteor which accompanies the original notice in the Australian 
ioumal, is included in Dr. Flight’s review ol recent aerohtic meteors (Meteorites, Part I.) 
in the concluding Appendix of this Report. 
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^cour8e extending about 20°. It then seemed to explode suddenly, and its 
irack was luminous for a short time. The granular dehns of the meteor con- 
tinued to pursue, with very much retarded velocity, a path slightly deflected 
from its former course : it continued to do so for several degrees ; and it was, 
I think, fully a minute after the explosion that several of us almost simul- 
taneously exclaimed ‘ It is falling.’ It resembled the expiring light of one 
globe of a rocket charged with golden ram. The falling motion was very 
slow. I think it was visible for two minutes after the explosion ; but though 
we tried more than once to consult our watches, the light was insufficient.” 

“ Henry H. Higgins.” 

Rainhill [Sunday], Oct 11, 1874.’* 

“ An exceedingly brilliant meteor was seen here about 8.50 on Sunday 
evening, which was so bright that it attracted general attention, the light 
from It being as strong as an unusually bright flash of lightning, but more 
white. On looking up I saw, near the zenith, a long, almost straight and 
uninterrupted ribbon of light, somewhat pointed at the end towards the 
north-cast. After watching it for some time, and noticing that it retained its 
brilliancy, I began slowly counting, and counted nj) to twenty before there 
was any noticeable diminution of luminosity. The last portion visible was 
the end opposite the pointed end, which appeared as a faintly luminous patch 
as large as the apparent disk of the moon. I consider that, from its first ap- 
pearance, it was visible from 80 to 100 seconds. “ A. Balding.” 

“Wisbech [Sunday], Oct 11, 1874” 

A bright fireball was also seen in Hampshire on the 16th of September, 
1874, of which the journal ‘ Nature ^ contained the following description : — 

“ Meteor. 

The following is an account of a brilliant meteor which appeared at 
8.53 p.M. on Wednesday, Sept. 16: — 

Size : about four times that of Jupiter. 

“ Colour : blue, with a red tail. 

“ Brightness : throwing a shadow deeper than that of a full moon. 

“ Angular measurement of tail . from 12° to 15°. 

“ Duration : about 15". 

Direction of course : N.W. 

“ Zenith distance of point of disappearance: 75°. 

“ The brilliancy of the tail threw a red light on the surrounding land- 
scape.” — Nature^ Sept. 24th, 1874. G. H. Hopkins.” 

“ Bistorne Close, Burley, Hants, Sept IG.” 


II. Large Meteors. 

The largest fireball seen in England during the past year appears to have 
been that of September 1st, 1874. Some descriptions of this fireball are 
given in the last, and in the list at the end of this Appendix. Of the remain- 
ing fireballs in the list but little general notice appears to have been taken ; 
but it is assumed, with considerable probability, that the two seen in England 
on the 9th of March and 12th of April, 1875, coincide with large fireballs 
seen in Erance on those dates, of which sufficient particulars for comparison 
with these accounts have not yet been received. Of the unusually large 
meteor of February 10th, 1875, generally observed in Erance, numberless 
accounts, it is reported Nature/ vol. xi. p. 413), were received at the Ob- 
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OBSERVATIONS 
AND DOUBLE OBSERVATIONS OF 


Date. 

Hour 

(G. M. T. or 
local time). 

Place of 
Observation. 

Apparent 

Magnitude. 

Colour. 

Duration. 

Position, or 
Apparent Path. 

1870. 

h m s 






Sept. 

Between 

Clapton (Lon- 

[=Venus] 

Intense gold 


Descended be- 

28 

7 20 and 

don) [and 


colour. 


tween the tail 


7 30 p.m. 

Ashby-Brigg, 




of the Bear and 



Lincolnshire]. 




Arcturus. 

1874. 







July 28 

8 41 p.m. 

Writtle, Chelms- 



Pale violet 

3 seconds 

From 219°-f-13° 



ford (Essex). 


colour. 


to 185 -i- 2 

Aug. 5 

About 

Mysore, India. 

Large meteor, very 





midnight. 


brilliant. 




10 

10 52 15 

Newcastle-on- 

:>lst mag.# 

Orange- 

1*5 second ... 

From 321°4-15^ 



Tyne. 


yellow. 


to 310 - 5 

10 

10 52 45 

Ibid 

>lst mag.* 

Orange- 

1*5 second ... 

From 324® 7® 



1 


yellow. 


to 312 -13 

10 

10 55 30 

York 

>lst mag.# 


0*5 second ... 

From 330°-f57*" 







to 300 -{-47 

10 

10 55 30 

Ibid 

— 


O' 7 second 

Frnm i aoo 



1 

j 

i 



1 ruiii ooo 

to 316 -1-50 

10 

11 5 0 

i Newcastle-on- 

1st mag.* 

Orange- 





Tyne. 


yellow. 

i 

L uooCii ciWl Uoc oCt 

[.^ /3] Aquarii. 

10 

11 8 0 

York 

= 1^ 


1 1*0 second ...i 

et= 5~ 







From 350° -4-51° 







to 307 -{-27 

10 

11 27 0 

Newcastle-on- 

== Sirius 

White 

1'5 second ... 

From 3li°-f3G° 



S Tyne. 




to 301 -f 7 

i 

:ll 30 0 

York 

1 — Venus 

Yellow, then 

0*5 second ... 

From 261°4-68° 

! 1 




red. 


to 236 -f41 

i 

11 32 15 j 

Newcastle-on- 

>Sirius 

White 

1'5 second ... 

From 334®-{-48° 



Tyne. 



j 

to 307 +11 

1 1011 34 0 

York 




0*5 second ... 

From 260° -4-80° 

i 


1 



/ 1 

1 

to 250 +65 

10 

11 44 p.m. 

York 

-Venus 


0'5 second ... 

a= 



1 

1 

j 


From 31°+32° 






! 

1 to 29 +24 

10 


Birmingham ... 

a* 2nd mag.# 

Blue 

0'5 second ... 

From 176°+75° 

1 

12 6 0 ^ 


1 

1 

i 



to 190 +62 


Length of 
Path. 

Direction or Radiant-point. 

To near the 
horizon. 

Fell vertically 



20® 

Perseid f 

20° 

Perseid 

15° 

L 

16® 



Directed from ^ ((^ fi) Pegasi... 

33° 



Perseid 1 

28° 


40° 

Perseid 

17° . . 


9° 

Perseid 1 


Radiant rj Persei 




burst as it approached the Darby.] 
horizon with a profusion of mical R 
sparks. (Seen also at Bushey, vember 
Watford, like a magnesium printed 
light, bursting into three green Report, 
and three white stars. The 1870”). 
flash of light was noticed by 
Mr. Lucas at the lladcliffe Ob- 
servatory, Oxford ; see these 
Reports,' 1873, p. 373.) 

Followed by a short yellow train II. Corder. 
and yellow sparks at the end of 
its course. Seen by another 
observer to rise almost from 
the horizon at its first appear- 
ance. 


C. Jackson. [W. 
Darby.] ‘ Astrono- 
mical Register,^ No- 
vember 1870 (mis- 
printed in the former 
Report, “ September 
1870”). 


caused a superstitious terror 
among the natives of Mysore. 


11th. ‘Astronomical 
Register,* November 
1874. 


other nearly together, leaving 
streaks for about 3 seconds. 

Several others nearly at the 
same time. 

Left a streak. [This and the J. E. Clark, 
next meteor identical with the 
last pair.] 

Left a magnificent streak for 8 
seconds. Four other meteors 
in 2 minutes. 

Left a streak for 2 seconds. Per- A. S. Herschel. 
seid (?) ; position of apparent 
course not well observed. 


of its course for 4 J seconds. 

Left a streak for 2 seconds. J. E. Clark. 

[Identical with the last.] 

Left a long streak brightest in A. S. Hersch 
the middle of its course for 8 
seconds. 

Left a streak for 4 seconds; Per- J. E. Clark, 
seid. [Identical with the last 
meteor.] 

Left a streak 7 seconds J. E. Clark. 
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Date. 

Hour 

(0. M.T. or 

local time). 

Place of 
Observation. 

Apparent 

Magnitude. 

Colour. Duration. 

Position, or 
Apparent Path. 

1874. 

h m s 



. 


Aug.lO 

12 7 30 

Newcastle-on- 

== 2nd mag.* 

Yellow 1 second 

From ^ Cygni to 3° 

11 

10 41 0 

Tyne. 

Birmingham ... 

1 

i 

})receding e Del- 
phini. 


= 1st mag.if 

Yellow 1 second 

From 

11 




to 27 4-72 

10 41 0 

Ibid 

— 1st mag.^f 

Y’ellow 0 75 second... 

From 32^4-65° 





to 25 -i-70 

11 

10 43 0 

Tooting, Surrey. 

= U niag.* 

White 

From 157°-f-62° 




i 

to 165 4-57 

11 

11 30 0 

Birmingham ... 

= 2ndraag.» 


From 4 6° 4- 620 





i 

to 45 4-65 

11 

11 30 0 

Tooting, Surrey . 

:=1^ mag.if 

White ' 

From 14204-670 




j 

to 157 4-62 

'Sept. 1 

About 

Bristol 

Very large meteor . 




8 49 p.m. 

i 


1 

Major, leaving a 
streak (visible for 
several minutes 
until it was ob- 


i i 


1 


1 

i 

1 

scured by clouds) 
3° under t] Ursae 

1 

About 

Bude (Corn- 

Very brilliant 

1 White ; very 1 

Majoris. 

1 

! 

i 

9 0 p.m. 
(Time by 

wall). 

i meteor. 

dazzling. j ^ 

I : • * * . 

Strpa/c 

1 

estimation.) 



! 

I « 


! i 

i 



1 ' Z/rsn 

Major 

1 6 

About 


I =* If 

Passed be- ' 



8 40 p.m. 

,1 

1 

1 tween 

From 27^o°-\-20^ ' 

j 



Ophiuchi. ' 

to 255 —12 

(Dec. 17 

About 

1 Halifax (York- 

1 Fully as bright as 


In the S.E. Dis- j 

1 

10 25 p.m. 

: shire). 

' Sirius. 


appeared half- ! 
j way between | 

' Sirius and the i 

1 


1 



i horizon. i 


1875. 


Feb. 10 About 

Belle Isle, Isle Very large meteor 



5 45 p.m. 

d’Oleron , Ne- 


! 

(Paris 

mours, Thiery, 



time). 

Cognac, &c. 


i 


(France). 


j 

March Evening ... 

France Manv large meteors 



9&10. 

seen. 

1 


Mar. 9 About , 

Cooper’s Hill |as bright as Sirius 


'Began at a point aj 

8 0 p.m 

(Kent). 

i 

few degrees east 1 




of Sirius. j 

Apr. 12 8 6 p.m. 

1 

i Birmingham ...1= Venus 

White il*5 second ... 

From \ Coronae to 


i 1 


y Serpentis. 

1 
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Length of 
Path. 

Direction or Radiant-point. 

Appearance, Remarks, &c. 



Left a streak for 2 seconds. Time 



uncertain to half a minute. 

15^^ 1 

J 

Perse'id ; near the radiant-point. 

[“[The Birmingham observations 

1 inde])endent ; accord per- 
1 fcctly with the next, at 

50 

30 

i 

'Course nearly a prolongation 
i of the next (IH* 30'"), at 

1 Tooting. 

Perseid • near the radiant-point. 

[ Tooting.] 

Disappeared close to /3 Ursae Ma- 
joris. 

ifto 

i 

1 Nearly from Ursae M ajoris 



l[Two meteors only mapped at, 

|o 

1 

j Tooting.] j 

jThe light was as intense as thatj 


Ohservcr 
and Reference. 


of a vivid flash of lightnin^.j 
[Seen also at Winchester, be-l 
hind clouds in the north (mo-j 
tion apparently from S. to N.).j 
by Dr. Flight.*] : 


noniical Register/ 
October 1874. 


i / The meteor resembled a flash ol E. H. Marshall. 

' j light falling to the ground. 

Tiie streak, like the tail of a j 

; comet without a head, re- i 

i mained 3 minutes in the star- ! 

lit sky, as in the figure, gra- 
1 dually fading away. i 

,370 Directed from y Lyrae Left a streak almost vertical in W. F. Denning, * Astro-; 

' i the south-west for a second. | iiomical Register,’ | 

I I October 1874. ; 

I Began as farjCourse nearly horizorital but, Seen through glass panes of a Jos. Gledhill, * Astro- 
j eastward ! slightly falling. j conservatory. No streak visi- nominal Register,’ 1 

i from Sirius j j ble in the open air. [Perhaps October 1875. i 

j as that star ' i the same meteor as that oh- j 

I was from 1 ; served in Paris at 10^* (local j 

i the horizon.' I time), and at Lewes, Sussex, at I 

j ' 1 0^* 30"' p.m. See the note from i 

1 I ‘Nature,’ Dec.2Jth, 1874, in the j 

I I last paragraph of this Appendix.] ; 

I jLeaving a very persistent streak,; Accounts by several ob-i 

i ’ at first straight, then contorted,! servers in ‘ Comptesj 

; visible for half an hour. j Rendus,’ vol. Ixxx.j 

j I p. 575 

i I 1 

i |A ‘meteorite’ is reported to ‘ Nature,’ vol. xi. p. 413. | 

I have fallen at Orleans on 

I March 9th. (‘ Nature,’ vol. xi. 

j p. 390.) 

lOescended in a south-easterly (For Mr. Denning’s description of II. Macleod. ‘Nature,’ 

I direction on a path inclined the same meteor at Bristol, see vol. xi. p. 427. 
i about 60° to the horizon. next page.) 


Perhaps identical with meteors W. H. Wood, 
noted on the same date in 
France, in Paris, or at Havre. 



208 


REPORT — 1875 



OBSERVATIONS OP LUMINOUS METEORS. 


209 


Length of . 

Path. direction or Radiant-p 


Appearance, Remarks, &c. 


Observer 
and Reference. 


. From Radiant Aj, near a Persei, Seen through much haze; left W. F. Denning, 

No. 38 in Greg’s general list, no visible streak on its course. * Astronomical Re- 
[See last year s Report.] May 1875. 


15° or 20° 


. Globular nucleus ; leaving no J. Hopper, 
sparks nor streak. Apparent 
course nearly as shown in the 
sketch. 


. ^leteor without sparks or streak. Id. 
Apparent course about as repre- 
sented in the sketch. 


15° or 16° ... On a line produced from /3 r) Probably a Perseid (or ? Pegasid). T. Crumplen. 
Pegasi. Nucleus with very broad bril- 

liant blue train. 


M. S. Hardcastle, 


A 


Expanded to middle of its course, 
Where it diffused a bright green 
light, and continuing about J a 
second further disappeared ab- 
ruptly. Left a broad reddish 
gold-coloured train, about 5° 
(from a to b)f on the middle of 
its course. 


Short course. Obliquely downwards ... 
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servatory in Paris ; and although it is not described as detonating, and no 
aerolitic fall is ascribed to it in any of the published narratives of its appear- 
ance, some determination of its real course, which appears to have been over 
the western departments of France, must, it may be expected, be derivable 
from the abundant materials which have thus been collected. In the follow- 
ing communication on a large fireball of the 2nd of May last supplied to the 
Committee by Mr. Symons, attention is directed to other accounts of the same 
meteor as seen in Kent and elsewhere ; but of these contemporary descrip- 
tions of its appearance the Committee has not received any additional par- 
ticulars. 

“ The meteor noticed in Kent and claowhere at 8^ 45”* p.m. on the evening 
of the 2nd inst. was seen to advantage by myself and t wo friends. It passed 
from S. by E. to E.S.E., from an altitude of about 35° to about 22°. It 
appeared brighter and larger than Venus, was of a very red tint, broke into 
fragments just before disappearing, and occupied, as seen here, not seven 
seconds, as mentioned in the papers, but between three and four.’^ 

“ W. Clemext Ley.” 

“Ashby Parva Rectory, Liillerwoith, May 4tl), 1875. 

To G. J. Symons, EsqT 

Some meteors of unusual brightness observed in Essex during the early 
part of this year arc thus described by Mr. II. Corder in the ‘ Astronomical 
Register’ of June 1875 (vol. xiii p. 145): — On March 16, at 8^ 23“*, I 
was startled by a bright light from behind mo, and on turning round was 
just in time to sec the disappearance* of what must have been a fine meteor. 
When I saw it it was about the size of Sirius, hut had been far brighter. It 
rose perpendicularly over cither ft or c Looms. I think the former. 

On the 1 7th, about 9^* p.m., another bright meteor was seen here, hut I 
have received no details of it. 

On April 22nd, at 11^* 19“*, I saw a very beiiuiiful one in the extreme east 
of Virgo, falling about 4° on each side of the equator from Corona ; and 
though the new moon was shining a few degrees from it, the meteor formed 
a distinct orange ring or corona in the highest cloud in front of it. It was 
of a lovely pale-green hue, with a train of sparks ; and though of no appa- 
rent size, was considerably more brilliant than Venus. 

Another meteor, of a red colour and of short duration, brighter than 
Jupiter, was seen in the south-west about 25° from the horizon on May 6th 
at 7^ 55“*.” — 11. Corder, Wmttle^ near Chhnsford, May Stli, 1 875. 

The following is the note in ^Nature ’ (vol. xi. p. 153) on the meteor of 
the 17th of December last year, referred to in the present list under the 
observation of the corresponding date : — “ On Thursday, December 17th, at 
10 P.M., a magnificent falling star was observed in Paris. Its track was to 
be seen for more than a minute. A correspondent, Mr. J. H. A. Jenner, 
writing from Lewes [Sussex], states that ^on Thursday evening, the 17th 
inst., at 10.30, a very fine meteor was seen here. It travelled from north 
to south at a seemingly very low elevation; and though the moon was 
shining brightly it was a very brilliant object, being several times the bright- 
ness of Sirius. Its colour was yellowish, and it left a long, but not very 
persistent, bluish- white train. Had the night been dark, it must have been 
a very splendid object. The point of disappearance was hidden from my 
sight by houses, hut there was no noise attending it,’ ” 



OBSERVATIONS OF LUMINOUS METEORS. 


211 


III. ABeolites and Meteor-Showers. 

Iowa, United States, America, 1875, Feb. 12th, 10^ SO*" p.m. (Chicago 
time). — The Committee is indebted to Mr. B. Y. Marsh, of Philadelphia, for 
many contemporary descriptions of this meteor and of the stonefall that 
accompanied it, from American local journals, of which the accompanying 
outline map roughly represents the geographical positions, together with the 
probable line over which the meteor was vertical in its course. The accounts 
contain descriptions of its appearance at Iowa city, where it was observed 
by Prof. N. It. Leonard (Iowa St. Univ.), who afterwards examined and 


Vintoih 


Toledo 


Dee ^ 
Mcftnea 


Harengo 

Ne\xytoit ^ Srooh- * - 

• G-Ti - Ivn* 



• Jinua Cittf 


Marion 
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JSigcRirney 'Wtab Ziberfy 


’’WTMusT 


described the sites of the meteor's fall at Crinell, Oskaloosa, Vinton, Des 
Moines, &c., and additional observations of it at Brooklyn and West Liberty 
are supplied by Mr. Marsh. The apparent size of the meteor as seen at 
Iowa city was half that of the full moon, and its light appeared at West 
Liberty as strong as that of full daylight. It presented three separate 
explosions (attended apparently by as many distinct reports), and a streak 
of bright light marked its course, described at Grincll as intensely bluish 
white and at Iowa city as slightly tinged with green ; the apparent colour 
of the nucleus itself at the latter place was that of molten iron, and the 
whole duration of its visible flight was estimated at about one second. The 
sound of the report followed the appearance there in two or three minutes, 
like three blasts of a quarry, accompanied by a rolling or rumbling noise. 
The explosion at Brooktyn and westward from Iowa city was still more 
violent. It followed 3*^ after the appearance of the meteor (by watch) at 
Grinell, and at an interval of about 5"* at Searsborough (10 miles south of 
Grincll). Its description at Washington is as of a rumbling earthquake 
sound lasting a minute, and shaking houses plainly. At Vinton it consisted 
of three or.four cannon-like reports, followed by a sound resembling that of 
a railway-train crossing a bridge. The meteor and its report were seen and 
heard over a space 125 miles in extent from E. to W., and over half as 
wide a space from N. to B. Fragments, varying in size from a few lbs. to 
150 lbs., were found at Homestead and other places in the neighbourhood 
of Brooklyn and Iowa city, having excavated to a great depth both earth 
and snow upon which they fell. The point marked x in the map is the 
site of one of the first fragments found, about 6 lbs. or 7 lbs. in weight, in 
N. lat. 4P 46', W. long. 92° O’. 

Descriptions of this meteorite and of another stonefall which took place a 

p2 
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few montlis later in Zsad^ny in Hungary, will be found in a review of such 
occurrences, and of the principal investigations that have been made with 
regard to them during the past year, in the notices on Meteorites (Part I., 
pp. 240, 243) at the end of this Eeport. 

The August Meteor-shower in 1874. — The shower was partially observed 
near Chelmsford, Essex, by Mr. H. Cordcr, with the following results as to 
the numbers seen ; but the cloudy state of the sky prevented any appearance 
of the shower from being visible on the night of the 10th. 

August 2nd, 1874, August .Otli, August Gtli, 

9^ 50™ to 10^* 50^ 13*^ 3(V“ to 13»^ 45™. 9^^ 54™ to IP'. ll^tolP40™. 

No. of meteors 

mapped . 8 5 81* 6* 


On the night of August 11th, with a favourable view of the sky. Mr. 
Corder, watching alone (as on the former nights), counted the following 
numbers of shooting- stars in the half-hours ending at 



9^-10^. 

KP30™ 


IP' 30™ 

12^'. 

12i»30™ 

Total in 
ShSO”. 

No. of meteors 
counted . 

13 

17 

22 

22 

17 

13 

104 


Three of these meteors w'cre as bright as Jupiter, the brightest appearing 
at 10^ 85*“ p.M. in Cassiopeia ; 82 left streaks, including all of the 1st, 
nearly all of the 2nd, and a great proportion of the 3rd mag. shooting-stars. 
Twelve meteors were unconformablc, or obviously not directed from the 
radiant-point in Perseus, and the length of path varied from to 30° (in 
the case of a large one overhead at 11^ 5*" p.m.). The prevailing colour of 
the meteors from Perseus was orange. Their general centre of divergence 
was near the cluster ^ in Perseus, extending also to Cassiopeia. On 
August 2nd most of the meteors diverged from e Pegasi ; and on the 6th the 
points of radiation w^re very various, belonging chiefly, however, to the 
shower from Perseus. 

Mr. J. E. Clark obtained a view of the shower at York on the night of 
the 10th, mapping 40 meteor-tracks between 10^* and IT' 55*“ p.m., and 
together with Mr. E. Grubb counting the following numbers in the successive 
half-hours of the watch ending at 

Total in 

W45™. IP' 15™. 11^45™ llM5“tol2^ P 45“ 

Numbers of meteors seen 

by two observers 37 19 35 18 109 

The following numbers of meteors of different magnitudes were mapped : — 

Brightness =$or2;. >lst mag. =:l8tdo. = 2nd do. =3rd&4thdo. Total. 

No. of meteors 

mapped 7 4 14 10 4 39 

Between 10^ 45“ p.m. and midnight on the 10th of August the tracks of 
these August meteors were mapped by Prof. Hcrschel at Newcastle-on- 
Tyne in the following numbers, during the half-hours of the watch end- 
ing at 


* Of these meteors (mostly Perseids, and 14 with trams) the numbers 
nesses were : — 


1st 2nd .3rd 4th and 0th magn. stars. 
6 11 10 11 


of various bright- 
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Total in 

11M5™ 11** 45“ to 12h. 1** 15“. 

No. of meteors 

mapped 20 17 7 44 

Of the different magnitudes of brightness there were observed the follow- 
ing numbers ; — 

Apparent 

brightness... IjL or Sirius. Istmag. 2nd do 8rd do. 4th & 5th do. 
Nos. of meteors 

seen 2 5 8 10 11 10 

Mr. W. F. Denning’s view of the shower on the 10th, at Bristol, is thus 
described in a letter in the ‘Astronomical Register ’ (September 1874), con- 
taining notes of his observations of the display. The night of the 10th was 
fine and moonless. The meteors were watched almost continuously for four 
hours, from lO*" 45"^ to 14^‘ 45"*, and 281 meteors were observed. Thirty- 
two of those were as bright or brighter than Ist-magnitude stars ; 252 were 
Perseids, and almost all (with vertf few exceptions) left persistent streaks, 
lasting, however, rarely more than about 2 seconds. On the night of the 11 th, 
although, as on the 9th, the sky was generally unfavourable for observation, 
a watch of 10“, in a clear interval, soon after 10 o’clock, presented 12 shoot- 
ing-stars ; and they appeared to be nearly as numerous as on the preceding 
night. The principal radiant-centre of ivergence of the Perseids was be- 
tween B, C Camelopardi and ^ Persei, at R. A. 39°, N. Decl. 58|° ; and other 
radiant-centres in Cassiopeia, Pegasus, and Draco were at the same time in 
perceptible activity during the shower. 

The nights of the 9th and 11th having generally been unsuitable for a watch 
on account of the clouded state of the sky, it is satisfactory tliat at one station 
(Mr. Corder’s in Essex) a continuous enumeration of the meteors was possible 
on the night of the 11th ; and by comparison with records on the 10th at the 
other places of observation, it does not appear that the intensity of the display 
had very notably diminislied. It is not i)Ossible from these particulars to de- 
termine the time of maximum of the display even approximately, although 
in point of brightness and numbers the Perseids in August 1874 were pro- 
bably more consj)icuous on the night of the 10th than on the following night. 
If allowance is made for the absence of the moon, the shower appears to have 
been one of very considerable intensity, and to have presented an abundance 
of bright meteors, but scarcely to have exceeded in this respect either of 
those of the two preceding years, nor to have quite attained the somewhat 
exceptional brilliancy of the August star-shower in the year 1871. 

The October AleUor-shower in 1874. — Fine nights for observing these 
meteors occurred at Birmingham on the 18th and 19th of October, and a 
watch for them was continued for one hour on each night by Mr. "Wood. 
Four meteors were seen and mapped between IP and 12** on the 18th, and 9 
meteors between 10** 30** and IP 30*‘ on the 19th, while a further watch of 
half an hour on this latter night from 11** 30** to 12*' was without result, no 
more shooting-stars being visible during the continuance of the watch. The 
meteors mapped radiated principally from 0 and Fp the two radiants of 
the October period in Orion and Auriga, hut not in sufficient numbers to 
make the return of these showers conspicuous, or to afford important deter- 
minations of their radiant-points from the few representatives of the prin- 
cipal October meteor-shower which were observed. On the night of the 20th 
the sky was overcast ; and, as far as the Committee has learned, no other 
notes on these dates could, for similar grounds, be obtained at other observing 
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stations where the annual showers of October, November, and December, and 
of J anuary, April, and August, have hitherto been observed. 

November^ December, and January Meteor-showers, 1874-75. — In con- 
sequence of the accumulating number of meteor observations on the annual 
dates of the periodic shower, observations of the November, Decerabey, and 
other annual meteor-showers of the past year have not been especially 
solicited ; and the condition of the sky on the returning dates of the above 
three showers was such that only a widely organized watch could have ob- 
tained useful particulars of their appearance. The November and January 
showers were looked for without success from the prevalence of clouds ; and 
that of the 12th of December, when the circumstances were favourable for 
its observation, disappointed expectation by an unusual scarcity of the Ge- 
minids on the periodic night. With a perfectly clear sky, in the absence of 
moonlight, one meteor only was visible at Newcastle-on-Tyne in an interval 
of 45"‘ from ll*' 80"^ to 12*' IS*" on the night of the 12th ; and although this 
small shooting-star was a Geminid, the loss of intensity of the shower since its 
last periodic return on the 12th of December, 1878, is very conspicuous and 
striking. A careful record of the meteors of November and December last 
was kept, however, by the astronomers of the Toulouse observatory in Trance, 
where M. Gruey (‘ Comptes Kendus,^ vol. Ixxx. p. 50) mapped the tracks of a 
considerable number of meteors in both months. But few meteors, and those 
generally unconformable to Leo, were seen on the partially cloudy nights of 
November 12, 13, and during a fine interval of the following night, from 8*' 
to 4^ SO”* ; and on the morning of the 15th a greater scarcity even of sporadic 
meteors prevailed, and not a single shooting-star was visible during a very 
attentive watch. On the nights of the 10th, 11th, and 12th of December, 
1874, watch was again kept, and on the first two nights a somewhat plentiful 
display of meteors was observed. Three observers, watching a quarter of the 
sky, saw on the night of the 10th 84 meteors in I*' 20"* (average rate of 
frequency 25 per hour) ; on the night of the 11th, 17 meteors in 35 minutes 
(or at the rate of 80 per hour) ; while on the night of the 12th 4 meteors 
only were seen in the first and none in two subsequent watches of 10"* each, 
in which the clouds cleared away sufficiently to leave the sky unobscured. 
The majority of these meteors were conformable to a radiant-point near 
which (at K. A. 130°, Deck + 40°) one of great brightness on the 10th 
appeared stationary ; and although this place differs considerably from the 
usual direction of divergence of the Geminids of this shower, and from the 
place of its centre observed by M. Tisscrand in December 1873 (‘Comptes 
Eendus,’ 1878, December 15), yet the general emanation of the meteor-tracks 
recorded from about this point was very apparent ; and as an average 
radiant-centre of the 11 meteors mapped on the 10th, 7 on the 11th, and 
2 on the night of the 12th (or 20 shooting- stars in aU), it was very di- 
stinctly marked. Several radiant-positions by other observers, closely adjacent 
to it, will be found in Greg’s general list (1874), No. 175. As regards their 
brightness, the following numbers represent the total of each description 
which were visible throughout the watch : — 

Apparent brightness 1st mag. 2nd do. 3rd do. Total. 

and under. 

No. of meteors seen in 2** 25“... 18 9 28 55 

M. Gruey suggests (and the conjecture well deserves further trial and 
corroboration) that the radiant-point of the December shower is multiple, and 
that his new position of it is a special one, which was very perceptible on 
this occasion. 
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Mr. Clark watched at Heidelberg for the return of the November meteor- 
shower, during a partially overcast state (clouds concealing about one half 
or two thirds) of the sky, on the mornings of the 14th and 15th of November 
last (1874), for about 2d minutes on each date, and observed a small Leonid 
and two Taunds on the former, and three brighter Leonids (two of which 
left enduring streaks) and one unconformablc meteor on the latter date. 
The shower docs not appear to have entirely disappeared, and its tendency 
to reach a maximum on the morning of the 15th rather than on that of the 
14th appears still to be sensible in its decreasing phase. At Heidelberg and 
at Sunderland in England, Mr. Clark and Mr. Backhouse reported the state 
of the weather at the j)rincipal periods of the December and January showers 
as unfavourable for observations. No observations of the January star- 
shower in 1875 could, from the general prevalence elsewhere of similarly 
unfavourable conditions, be obtained. 

The April Meteor-shower in 1875. — All the accounts which the Committee 
has received of observations on this star-shower during the bright moon- 
light and hazy state of the sky on the nights of the 19th-21st of April last 
are corroborative of the almost total cessation or disappearance of the shower 
at the usual time of its annual return. During a watch of I*' 3(.)’" on the 
19th, and of H on the 20th, Mr. M‘Clure, witli one assistant at Glasgow, 
observed only a single meteor (ap]Kirently not a Lyraid) on the former 
night. At Newcastle-on-Tyiio the sky was very clear from 10'* 50‘“ p.m. 
until midnight on the night of April 2Uth, and tive meteors, one of which 
was a small Lyraid, wore observed. Two of these were of remarkable 
length of course and brightness, directed apparently from radiant-points 
near Aquila, Arcturus, or m the southern hemisphere : but from the bright- 
ness of the full moon meteors of smaller brightness than 3rd- or 4th-maguitude 
stars would not have been visible on the occasion of this periodic watch; 
and with regard to the disappearance of the shower on the night of April 
20th, some evidence of its occurrence may have been visible in foreign 
countries, of which, on account of the maximum being reached during day- 
time m England, the oliservation at Jlnglish stations could only bo very 
partial, and may in this manner have been quite prevented. 

At Birmingham the sky was clear on the 21st, and in the full moonlight, 
which still prevailed, Mr. Wood observed at Birmingham, at 10^^ 52*'^, one 
meteor only (a bright Lyraid) as the result of an attentive watch of 1^' 5™ 
for the exjiected April showei. 

Meteor-showers of August 1875, — The stormy and unsettled weather of 
the early days of this month interfered at almost every station with regular 
observations, the day and evening of the 10th of August itself being one of 
most violent thunderstorms throughout the country, and but scattered 
records of the Perseus shooting-stars w^ere in consequence received. Noticing 
meteors to bo frequent on the night of July 28th, Mr. Crumplcn mapped 
some of their apparent courses in London between 10‘' and 10^30“ p.h. ; and 
those of seven proved to be Perscids, with a radiant-point between ^ Persei 
and Cassiopeia. A communication concerning observations of meteors on the 
2nd of August was also received by the Committee from Mr. Hind, who 
relates that between 9^^ 30“ and IP p.m. on that evening ii number of 
meteors were remarked, one of them of a Lyrm brightness, the radiant- 
point of which was most decided,” and its position was found to be at 
omicron Andromedoe (B.A. 344°, Deck -f 41°). The existence of this radiant- 
point in August was pointed out in the first of Mr. Greg’s general lists of 
radiant-points (Report, 1864, p. 100, No. xxx.), attaching to it the sign EG 
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after its neighbourliood to Heis’s radiant-point E in October in the constel- 
lation Lacerta (German Eidechse), which was found by Mr. Greg to be a very 
persistent and much earlier occurring shower. Although its position was 
afterwards confirmed (as will be seen in the subjoined Table) and extended 
to include radiants with more northern declinations in Schiaparelli’s and 
Tupman’s lists, yet it appears that the new radiant-point observed by Mr. 
Hind allies itself more closely to an earlier group, close to the same place, 
well marked in Schiaparelli’s list, and together with some closely adjoining 
radiant-points forming the only representatives in that list of the well-known 
meteor- shower of the “ Pegasids,” diverging about the time of the 10th of 
August star-shower of the Perseids from near the star a Pegasi. The con- 
firmation which this observation affords of the early occurrences in July and 
August of “Lacertid” meteor-showers noted in Schiaparelli’s list, which were 
unattested hitherto by other observers, is at the same time a corroboration of 
special interest from the very sharply-defined and well-recorded date and 
position of the radiation. 


Table of Cepheid^ Lacertid, and Pegasid Meteor-showers in July^ August^ and September. 


Sign. 


Duration of 
shower. 


Position of 
Radiant-pomt. 


Remarks. 


jHeis (DieperiodischeStem- 
sohnuppen, 1859) and 

Radiant-list, 1864 

R. P. Greg, Radiant-hst, 
1864. 

Td. Radiant-list, 1867-68... 

J.F. Schmidt, Radiant-list, 
1869 


E 

EG 


E 

(c Lacert®) 


G.V. Schiaparelli & Zezioli, 
Radiant-hst, 1871 

G. L. Tupman, Radiant- 
list, 1873 

E. Weiss, 1869 

R. P. Greg, Radiant-hst, / 
1872 (and 1874) .. 1 

J. R. Hind, 1875 


Schiaparelli’s & Zezioli’s 
list 


No. 145 
„ 146 
„ 151 
. 52 

,, 54 

„ 77 


Quoted in the Nos. below 
of Greg’s General lists. 


Greg’s General lists, 1872 
(and 1874) 


90 (112) 

'96 (125) E, 
|(o Andro- 
meda}) 


/No. 98 
„ 103 
„ 106 
M 123 
(Average 
No. IGO 
„ 104 
„ 113 
„ 134 


|76(95,96)TG| 
67 (97) T, 


Oct 16-31 
Aug 17 -Sept 30 

Aug 7-Sept 30 

Aug. 7-31 


Aug 28 
Sept 5 
Sept. 20 
Aug 22 
Aug. 23 
Sept 22 
Aug 12-13 
Aug 6-31 ? 

Aug lO-Sept. 30 
Aug 2 


July 18 
July 19 
July 19 
July 30 
July 18-30 
July 18 
July 19 
July 23 
Aug. 4 

July 18^Aug. 4 
Aug. 3-15 

Jan. 29-Aug. 24 


R A. Decl. 

330 4-50 

333 -850 

[(from 314, 4- 52 
to 347, +47) 
335 +52 


347 +51 


340 +651 

321 +60 1 

317 +47 1 
340 + 33 

334 +48 

345 +61 
345 + 50 

335 + 671 

355 +52 f 

344 +41 5 


332 +35 

338 +43 

334 +45 

335 +40 

335 +41) 
342 +23 
m +23 

336 +30 
342 +29 
338 + 26) i 

337 + 25 

to 345/ 


Continued nearly at tlv 
same place in Sep- 
tember and October. 

No other neighbour- 
ing radiant m these 
months. 

Do. 

jQuoted in Tupman’s list 

(Ej subradiant of the 
Lacerhds, E^). 

Appears to coincide 
with the two ra- 
diants (below) S &Z. 
123 and 134. 


Radiant-region, ia- 
certa. 


Radiant-region, 
/3 r 


Pegasid subradiant. 

Near a Pegasi. (Ra- 
diant of the Pc^a- 
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Between 10*" p.m. and midnight on August 9th, 1875, Mr. Waller ob- 
served 50 shooting-stars at Birmingham, showing that the shower of Perseids 
had already reached a considerable intensity on that night. On the follow- 
ing night Mr. Wood observed at the same place a somewhat larger number 
(as will be seen by his report), and mapped the tracks of 40 mpteors radi- 
ating, with only one or two exceptions, from Perseus, and a lew of them 
from a branch radiant-point apparently at e Cassiopeiae. The principal 
radiant-point in Perseus was at the star r) of that constellation — scarcely any 
of the meteor-tracks prolonged backwards diverging far from this point, and 
the radiant-point of the remainder, constituting a very small proportion of the 
whole number, being in the neighbourhood of ^ Persei. One of these meteors 
(at 1 1*^ 39™ 30®) was as bright as Jupiter ; and eight others were as bright as 
Sirius, or brighter than Ist-magnitude stars. Mr. Wood thus describes the 
general characteristics of the shower during the period of his observations. 
The sky was very clear and, from the absence of moonlight, very favourable 
for obtaining meteor registrations. 


1875, Aug 10, P.M 

Hourly numbers 

Average position of 

Percentage of 

From to 

Clear sky One observer. 

the radiant-])oiiit 

magnitudes. 

lOh 11“ 

20 meteors seen 

R A 30°, Docl -f 57° 

l8t=45p. ct. 

11 12 

40 „ 

Perseids 85 per cent. 

2ud=27 „ 
3rd =28 „ 


Predominating colour of the meteors yellow. Eighteen of the forty meteors 
mapped were described as leaving very persistent streaks, one of these (the 
last on the regular list, at 12** 6™) being a bright meteor from the direction 
of the well-known concomitant radiunt-point of the August shower in 
Pegasus. On the nights of August 9th and 11th the sky was overcast. 

The sky was clear and the inotcor-shower was well seen at Sunderland by 
Mr. T. W. Backhouse on the night of the 10th, from whom the particulars of 
its appearance noted bclo\y have been received. The following is Mr. Back- 
house’s description of a Persei d of great brightness, which exceeded in magni- 
tude any other meteor of the shower which he observed : — “ It appeared at 
13** 24™ [1** 24™ A.M., August 11th, 1875] to the right of o Aiirigm, and 
was directed towards 6, disappearing near v and r Aurigae. It increased 
very rapidly in brightness just before disappearing, becoming brighter than 
Venus at its brightest, making a bright glow round it. Its tail also increased 
rapidly in brightness and was of many colours, but its changes were too 
rapid for me to follow them ; purple, however, predominated at first, and 
afterwards green. After the head disappeared, the tail remained some 
seconds quite straight (and vertical), and gradually became slightly serpen- 
tine — the brightest part (that near the head) lasting at least 4J minutes, 
becoming a group of cloudy patches 3® or 4° in extent, and spreading out 
N. and S. The stars v and t were at first at the S. end, and then in 
the middle of this group. At 13** 27™ or 28™ I looked at it with my 41- 
inch refractor with a low power ; it was irresolvable, and like a group of a 
few large undefined nebulae, the brightest part at v and r Aurigae.” In a 
watch at intervals between 10** 20™ and 14** 20™, amounting together to 96 
minutes, and equivalent to one of 82 minutes in a sky without clouds or 
twilight, 70 meteors were seen, corresponding (as the number seen in a clear 
sky by one observer) to an average rate of frequency of 51 meteors per 
hour. The great majority of the meteors seen in these periods of observation 
of the shower were Perseids. 
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Between 12*^ and 12*" 30“ on the night of August 11th, Mr. Greg observed 
10 meteors, chiefly Perseids, in an interval of clear sky, at Buntingford, 
Herts ; and four of these were of considerable brightness. The radiant- 
region was diffuse, extending apparently between a Persci and e or i Cas- 
siopeijB. 

General Radiant-lists, and their extension and corrohoration hj observations 
{cJiieJly collected by the Committee since the year 1870). — The numerous 
observations (princdpally of the periodical meteor- showers of January, April, 
August, October, November, and December) communicated during the past 
six or seven years, since the publication of the Committee’s “ Atlas of 
Padiant-points ” in the year 1807, which have remained unpubhshed in 
these Eeports since the year 1870, togetlier with the printed meteor-cata- 
logue of the “ EadclifFe Observations,” Oxford, for the years 1809-1872, 
afford abundant materials for revising and correcting, and in some cases for 
extending the list of Eadiant-points included m that Atlas, of which ad- 
vantage has only been partially taken by Mr. Greg in his most recently pub- 
lished general lists of Kadiant-poiuts (see these Reports for 1808, p. 401, 
the list of the ‘Atlas’ of meteor-showers, 1872, Table facing p. 109, and 
1874, pp. 324-339). The latter list contains all the combined radiant-lists of 
various observers, and reproduces, with very little alteration, the earlier 
meteor-shower list of the British Association ‘ Atlas ’ in 1867, as the portion 
of the Catalogue which depends directly upon observations collected by the 
Committee. By comparison with the more recent observations, Mr. Greg is 
now enabled to present the following modifications and instances of corro- 
boration of his general list (p. 221) which the above-named continued series of 
observations are found to afford, and which they suggest as desirable points for 
verification in the case of a continued collection of occasional meteor-observa- 
tions for such an object. Several new radiant-points are comprised among 
these results ; and new positions and durations are assigned to several of the 
formerly established showers, of which the particulars and the general 
extent will most readily be gathered from the following notes of these com- 
parisons supplied by Mr. Greg. The reference numbers in the first column 
of the Table correspond to those of the general list in the volume of these 
Eeports for 1874 (p. 324), and to this list and to the older one of 1868 the 
present Table supplies a five or six years’ commentary and continuation. Some 
radiant-points of the list deserve special notice as having received from the 
new observations important illustrations. Showers formerly very conspicuous 
are occasionally unnoticed, or were invisible in the newer observations. Of 
these showers, B G (G. & H., No. 101) of the “ Cygnids ” in July and August 
is an example, having been only very sparingly observed since the year 1870 ; 
while an equally marked meteor-shower of July, near the head of Draco, BZ 
(No. 102), has presented itself with greatest intensity in August as a con- 
comitant of the 10th of August meteors, and during the periods of observa- 
tion immediately connected with the systematic watches for that shower. 

Two well-defined meteor-showers in October and November, and a third 
in December, the Orionids of October 16th-24th, Taurids of Nov. 2nd-12th, 
and Gemmids of December 10th-14th, appear to be connected together by 
intermediate meteors, absorbing with the principal radiant-points themselves 
a large proportion of the sporadic meteors visible in those months. The first 
two of these showers are in great part contemporary, the sliower-radiant in 
Orion comprising, according to Schmidt, six subradiants in October and 
November, with an average position at about E.A 83^, Decl. -f 11°. The 
place of its maximum appearance, about the middle of October, is in some- 
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what greater right ascension and declination (by four or five degrees) than 
this position ; and a comparison of its elements might perhaps be attempted 
successfully with those of the comet of 1821, 1, (radiant-point at 8t)°,-|- 19°*5), 
if the nodal date (J^’ovember 11th) of this comet is capable of being recon- 
ciled with the much earlier time of appearance of the Orion shower. In the 
‘ Memorie della Soc. dcgli Spettroscopisti Italiani ’ of May 1874, a memoir on 
the meteors of the 17th~28th of October (1()09 meteor-tracks observed by 
Drs. Heis and Schmidt, Zezioli, and at the Yicnua Observatory, between the 
years 1843 and 1873), by Ludwig Gruber, of Vienna, is inserted, in which 
the author discusses the apparent radiant-points of this meteoric epoch by 
projecting the meteor- tracks recorded successively on each single date. The 
smallest number of tracks (65) occurred on the 20th, and the greatest (284 
and 226) on the 22nd and 24th of October ; 310 meteors wore found to be 
sporadic, or incapable of reduction to any distinguishable radiant- point. 
Of the remaining meteors, Br. Gruber regards 16 radiant-points as having 
sufficiently well-defined positions to admit of further calculations as regards 
their orbits. The accompanying list (p. 220) exhibits the dates and positions 
together with the relative intensities of these several showers, as shown by 
the percentage numbers of meteors belonging to them on the days when 
they were most conspicuous. The Table also contains comparisons of their 
positions with those of already noted meteor-showers in other radiant-lists. 

These radiants may be grouped in great part under already recognized 
displays, as those of the Ortonuls (II. & VIII.), Musoids (V., X., XIV.), 
Taurids (VI.), Castonds, or Gemelhds (between Castor and Pollux, IX.), a 
shower from near /3 Geminorum (first recorded in that constellation by Herrick 
from the 20th to the 26th of October, 1839, and observed at the above place, 
in great intensity, by Zezioli from the 21st to the 25th, and especially on 
the morning of the 23rd of October, 1868 *), Cassiopeids (XII.), Polands 
(XV.). But certain radiant-points of the list are new to the general Eadiant 
Catalogue of Mr. Greg in the last volume of these Eeports, and they are in- 
cluded below (Nos. 194, 195) in the present Supplementary Table of that list. 
Br. Gruber’s position of the radiant-point XIII. agrees distantly with that of 
a new radiant-point for the end of October near o Piscium, noticed by Mr. 
Backhouse in 1872, and established by Mr. Greg from several other meteor- 
tracks in his examination of the recent observations. It may be added that 
the older radiants liG^ ^ and TG^, August, and the 

October-Becember showers Ai 5 _i 7 near Cassiopeia, have undergone revision 
by means of the observations up to the year 1873, and that reductions to 
more definite positions that other showers admit of will perhaps be further 
illustrated when the unusually large collection of observations in the year 
1873-74 have all been projected. The radiant N^^ (G. & H., 1874, No. 83) 
appears to have arisen out of a distinct meteor-shower in Cassiopeia (A^^, 
G. & H., Nos. 83, 98 in the Supplementary List), accompanying that of the 
Perseids, reaching a maximum about the 10th and again on the 23rd of 
August, which has been well marked among the recent observations at a 
place (provisionally assigned to it) at y Cassiopeiae. The relation of this 
new shower to the two formerly adopted radiant-points A,, and N^^, and its 
final separation from the Perseus radiant-point, with which it has pro- 
bably been identified by indiscriminate projections hitherto, will form an 
important subject for investigation in future observations. 

* Herricks shower at 99°, -1-26° (e Geminorum), Gruber’s and Schiaparelli’s position 
from Zezioh’s observations, and one in Tupman’s list (No. 90) are the only recorded 
radiant-centres of the October period in the constellation Gemini. 
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Supplementary Table and general Uadiant-list (continued), showing the cor- 
roborations of former meteor- showers and new radiant-points, deriyed by 
Mr. Greg from the Eadcliffe Observations of 1870-74, the British Asso- 
ciation Catalogues in those Eeports of 1867-74, and from private sources 
(E. P. Greg, A. S. Herschel, J. E. Clark, T. W. Backhouse), including about 
1000 observations independent of the periodic meteor-streams of Perseids, 
Orionids, Leonids, Andromedcs, Gcminids, Ly raids, and of meteors belong- 
ing to the annual star-shower of the lst-3rd of January. — Supplement to 
the general list of Eadiant-points 1874 (volume of these Eeports for 1874, 
p. 324), by E. Greg. 

Old Meteor-Showers and Eadiants. 


BA 

Cat. No. 
Greg, 
1874. 

G.&H. 
Sign of 
Radiant. 

Dates and Confirmations by Observation. 

Position as 
confirmed. 




R A. 

Decl. 

1. 

NG 

r (December, January) confirmed probably I 
\ for December 4-8 at . J 

280 

0 

+80 

2 

Ml, 2 

Confirmed tolerably December 13, at .... 

139 

+53 

11. 

MGl 

December 19 to January 2, partly confirmed 



14. 

AGl 

February 27 to March 0, partly confirmed .. 

GO 

-h37 

10. 

G3 

January 9-19, partly confirmed 



26 

M3 

February, partly confirmed 

165 

+35 

45. 

MZ. 

Partially confirmed 



47. 

DGl 

Confirmed March and April 



53 

SZ2 

( = ? S G 2) in part tairly confirmed. . . 



55 

M 0, 7, 8 

Fairly confirm^. . . . 



59«. 

Y 

(? M 3 Z) partially confirmed . . 



07. 

Q1 2 

f Confirmed April and May, but not so 1 

230 

-h29 



\ strongly marked as between 1802-1807 J 



67. 

Q2 

(=01, 2) May and Juno, confirmed at 

232 

+30 

09. 

W. 

(May and Juno) partially confirmed at .... 

285 

+35 

72, 

[W&QG?] 

f Slightly confirmed at , not so well marked ] 
i as iormerly (?) j 

295 

+ 12 

74 

WG 

Partially confirmed at .... 

308 

+ 15 

77. 

B1 

Fairly confirmed at ^^oj- 

307 

+67 

79. 

QG 

Only slightly confirmed ; probably more qui- "I 

303 

4-7 



escent than some years ago, at J 


"T « 

81. 

B4 

J Well confirmed (15th July to August) at ... 

315 

+45 



1 Very well confirmed (August) 

310 

+45 

83. 

Nil 

Partially confirmed 


98. 

A9 

Well confirmed at 

3^ 

-f45 

83. \ 

A 11 

f Confirmed very fairly, J uly 25 to August ) 

r352 

+62 

98. J 


\ 20,(new radiant,yCassiopei8e,12®,+59°)at J 

1 10 

iO 

+60 

84. 

MG5 

Partially confirmed ... 



88. 

Q3 

J Very slightly confirmed only (perhaps a \ 
\ radiant connected with it m Serpens ?) at / 

265 

+ 3 

90. 


August (July), probably confirmed at 

273 

+28 

93. 

N 12, 13 

r Partiallv confirmed (August) 





1 Fairly confirmed (in August only) at ..... 

240 

+^ 

94. 

H 

Not noticed 



95. 


r Very slightly confirmed (and perhaps con- \ 


1 /<Q 



\ nected with 96,112, or 125, TG, E 1, E 2) at J 

a4U 

+4» 
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Old Meteor-Showers and Badiants {continued). 


Position as 
confirmed. 

R.A. 

Decl. 

0 

0 

340 

+35 

344 

+ 16 

250 

+67 

255 

+64 

8tn 

+82 

8.59 

+ 18 

858 

+ 14 

3-10 

+67 

288 

+44 

64 

+2-2 

94 

+62 

.‘’37 

+52 


+ 35 

287 

+6/ 

70 

+ 67 

100 

+3y 

180 

+32 

325 

+60 

20 

+40 

191 

+50 

56 

+24 

290 

+ 65 

30 

+28 

50 

+49 

185 

+40 

20 

+60 

25 

+42 

5 

+55 

"m 

+20 

127 

+47 

160 

4-60 

SO 

4-28 


B.A. 
Cat. No. 
Greg, 
1874. 

G. &H. 
Sign of 
Radiant. 

96. 

TG. 

97. 

T 1 

09. 

V 

102. 

BZ 

103. 

Rl,2 

111. 

T2,3 

112. 

El 

113. 

B5 

115. 

R G1 

122. 

(Tupman) 

125. 

E2 

129 

Rl? 

130 


131. 


136. 

Fj, 2 

142 

141. 1 
147. ] 
144. 


145. ! 
167. ; 

P 1 

146. 

BG6 

156. 

RG2 

15(>. 

G1 

157 

0 

166 

185. 1 
=167. r 

DG2 

ri68. ^ 

A 16 

1169. 


172. 

A 17, 18, 19 

172. 

A 17 

173. 

A 14, 15 

173.? 

A 15 

174. 

AGl 

175. 


176. 

KG 

185.! 


=167.] 



Dates and Confirmations by Observation. 


(or ? 95) slightly confirmed for August at 

Well confirmed (August) at 

Slightly confirmed ... . ... 

r Confirmed July 10 to September 
\ Position for August strongly confirmed at 
Fairly confirmed (in August) at .. . 

/Well confirmed (August) at ... 

[ Fairly confirmed (September and October) at 
Tolerably well confirmed (August only) at . 

( Slightly confirmed (August) at 
\ Not confirmed, September (? = No. K30, 

[ B 7-9, Heis) 

(August) radiant perhaps extends to . . 
(August 0-12). Very well confirmed by the 
1870-71 Radclitfo observations . 

Slightly confirmed (August only) at 
(Of Heis). Septemlier (not=K,‘l, October 1- 1 
15), well confirmed at 40^, 4-85®! o88®, +35® / 
Avgnst (September) suspected at 
Well confirmed at 
Very slightly confirmed . . 

September, land October, 1 Well confirmed 
100® +36®, J 98®, +30®, / at 

Tupman, confirmed ? September, at 

Perhaps confirmed (October) at . 

' (Of Hcis ) Apparently fairly confiimed in 1 
October (but possibly, however, only a | 
^sewrfo-shower) at . . . J 

Well confirmed (October 1.5-81) at . 
Extremely well confirmed (November 6- 12) at 
Well confirmed (? begins November 5) 
Confirmed well ... 

Confirmed by Clarli, at . .. ... 

December 5-13 Probably confirmed at .. 

(PNot Androraedes) fairly good at 
Slightly confirmed November 12 to 14, at . 
(Heis). December 8-19 , probably confirmed at 
(Greg). Confirmed December 4-8 {A^idro - ) 

J 

(October). Well confirmed at 

( ? 14, 15) Moderately confirmed, November 
Partly confirmed December 4-12 at .... 
November 4-80, well confirmed (possibly! 

a new radiant) at . . / 

Slightly confirmed at 

December 5-13. Probably confirmed at .. 


* The observation of a star-shower on the niglit of December 7th, 1880, recorded by 
ino Abh6 Eaillard (‘ Comptes Rendus,* vol. viii. Jan.-June, 1839, p. 177), is wrongly de- 
scribed as o loMe (?) on the 12M of Deambcr of that year in a former volume of these 
Reports (for 1873, p. 396) ; but there can be no doubt that the shoner was a regular re- 
turn of the ‘ Andromedes ’ connected with the periodical returns of Biela’s comet 
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Kew Meteor-Showers (1875). Principally from the English Observations. 


B A. Cat. 
No con- 
tinued. 
Greg, 1875. 


Date and Observations. 

Position of 
the Radiant. 




B.A Deck 

188. 

N5 

Observed by Denza, Feb 11-27, 1868, at .... 

105 - 5 

189. 


Omitted in now B A Catalogue, but in 1867 Atlas, 
March 3-27 Perhaps connected with the 
next. No. 190 

36 4-67 

190 


January 15~Fobruary-March 15. Strongly sus- 
pected at 

j- 65 -1-61 

191. 

(53 a) 


April 13-Mav 1 Probable, extending about from 
225°,4-22'^ to 210°, 4- 10° 

217 4-16 

192 


March 18-19,1874 Observed by Mr Backhouse 

157 +13 
2(i3 +37 

(69?) 


May 19-Jmie 21. Probably new (?=W, No 69) 

(110?) 


July 10-30 Very well pronounced Formerly 
no doubt contused between W and Q 1 2 
Confirmed also by Mr Hersebol, July 10, 17, 

! 1870, at257°,-i-3()° 

255 -f37 

(83, 98) 


July 25- August 26 (especially Aug 7-12 and 23). 
A 11, CassiojK'uJf^ , accompanying the August 
shower ol Perseids 

12 +59 

193 


September Well pronoimeed in Tarandus , pos- 
sibly has been confused with Fj, (No 136) 
September Fairly pronounced at 

50 +75 

44 +73 

(119?) 


Suspected, September, at 

305 +22 

194 


Oct-ober 18-23 , Gruber, Oct Radiants IV., XI. 
(ayerago posilion) 

2 +25 

195 

... 

October 18- Nov. 10 (T. W. Backhouse, Oct 30, 
1872, at 0 Piscium, 25°, +8°), KB 

23+8 

196 


October 17-24 , Gruber, Oct. Badiants I , VII., 
XIII ( average position). 

21 +22 6 

197. 


October 28, S &Z. 163 

October 28, Gruber, Oct. Badiant XVI 

110 +70 
89*7 +71 

198 


Very fairlj pronounced shower, Nov 4-Dec 8, at 

34+7 

199. 


J iC Clark, Dec. 10-12, 1873 (very accurate 
radiation). 

57 + 6 


Corrections to the last Catalogue (1874). 

No 12 (page 325). Tupman’s positions 177^,4-22° and 205°, 4-4° should belong 
respectively to No. 6 and No. 8, S. & Z 14 should change place with S. & 
Z. 25, No. 18. 

No. 69a (page 330) should be 68a, and should follow No. 68 in the Catalogue. 

No. 83=98 m Cassiopeia, confirmed (?=E 1 in part), includes also S. & Z, 105 
No. 90, ?=87. not 89. 

No. 129. B 3 of Greg and H =No8. 167 and 185, November and December. 

No. 141=147 , receives a new confirmation in September, at 130° 4-32°. 


Papers relating to Meteoric Astronomy , — In the Sheffield Scientific School 
of Yale College, in the United States, Prof. H. A. Newton delivered a lecture 
on March 9th, 1874, “ On the story of Biela’s Comet,” in which he details 
with much completeness the circumstances of the positions of*Bicla’s comet 
in its orbit relative to the earth at the times of the occurrences of the 
greatest meteor-showers known to have proceeded from the earth^s approach 
to this eomeUs orbit. The line of the nodes, or the place of the earth’s nearest 
approach to the comet’s track, being at N, it appears that in the year 1798, 
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at the time when the earth encountered at that point the great meteor- 
shower of the 6th of December in that year, observed by Brandes, Biela’s 
comet was in the position marked C, somewhat nearer to the earth than at 
the next occasion when a similar occurrence was observed in the year 1838. 
The comet was in the latter year at a point marked A, about 300 millions of 



miles distant, measured along its orbit, from the earth. At the last great rcaj)- 
pearanco of this star-shower connected with Biela’s comet, on the 27th of 
November, 1872, the two bodies (which had last been observed in 1852 as 
forming the nucleus of the comet) must have occupied a place on the elliptic 
orbit marked B, at about 200 millions of miles along the comet’s path from 
the place of the earth’s intersection with the meteor- stream at N. It thus 
appears that a long extended group of meteor-particles must accompany the 
comet in its periodical revolution, preceding it to a distance of 300 millions 
of miles in front, and following it to a length of 200 millions of miles in the 
rear of its actual position, or occupying, if there is no reason to suppose this 
elongated meteor-current discontinuous, fuUy 500 millions of miles in its 
observed length along the comet’s path. 

A similar investigation has led Prof. Kirkwood, of the Indiana State Fni- 
versity, to a remarkable conclusion regarding the clusters of meteors included 
in the current of the Leonids of November, that at least one other such 
cluster besides that connected immediately with the comet exists to mark 
the ancient disintegrations which this cometary body must have undergone. 
The following letter in * Nature ’ of January 3rd, 1875, relates the results 
of Prof. Kirkwood’s investigation, and describes some observations of his own 
by which they are supported. 

“ ^he Meteors of November 14. — The writer some time since called atten- 
tion to the fact that the dates of certain meteoric showers, given by Hum- 



OBSERVATIONS OP LUMINOUS METEORS. 


225 


boldt and Quetelet as belonging to the November stream, indicated the 
existence of two distinct and widely separated clusters moving in orbits very 
nearly identical. The years thus designated were 1787, 1818, 1820, 1822, 
1823, 1841, and 1846. As the last two were subsequent to the great 
display of 1833, the meteors seen were noticed only in consequence of their 
being specially looked for ; and as the number conformable to the radiant 
of the Leonids is not given, there may be some doubt whether those observed 
really belonged to the November stream. The former displays occurred 
before the periodicity of such phenomena had been suspected, and the 
number of meteors would seem to have been considerable. As the shower 
of 1787 preceded by twelve years the great meteoric fall witnessed in South 
America by Humboldt, the group from which it was derived had passed 
beyond the orbit of Saturn at the time of the latter display. The pheno- 
mena of 1818, 1820, 1822, and 1823 indicate that, as in the case of the 
major group, which passed its descending node between 1865 and 1870, the 
meteoroids are extended over a considerable arc of their orbit. Prom No- 
vember 1787 to the middle of the nodal passage of 1818-1823 is about 33-J 
years — a period nearly the same as that of the principal cluster. These 
facts alone were regarded by the present writer as giving reasonable pro- 
bability to the hypothesis of an approximate identity of orbits. In ‘Nature,’ 
vol. xi. p. 407, it was shown that the meteor- showers of October 855 and 
856 were probably derived from the stream of Leonids* ; and it is certainly 
remarkable that the interval from 855 to 1787 is equal to twenty-eight 
periods of 33*293 years. Again, the shower observed in China, Sept. 28, 
A.n. 288, making proper allowance for the nodal motion, corresponds to the 
same epoch, the interval bet^veen 288 and 855 containing seventeen periods 
of 33*35 years. In view of the fact that the shower from this cluster was 
due between 1851 and 1855, the following extract from the writer’s note- 
book is not without interest . — 

“ ‘ Newark, Delaware, Nov. 13, 1852. ... On the evening of the 11th, 
from 7 to 10 o’clock, an aurora borealis of ordinary brilliancy was constantly 
observed. About midnight the sky became overcast with clouds, thus pre- 
venting our watch for meteors which we were about to commence. On the 
12th, from about 3 to 9 o’clock a.m., rain fell almost incessantly. About 
noon the clouds broke away, and the night between the 12th and 13th was 
quite clear. During six hours (from 10 p.m. to 4 a.m.) constant watch was 
maintained at four windows, facing north, south, east, and west. Prom 
10 to 1 o’clock the observations were conducted by Prof. Ferris and myself 
with assistants. At 1 the place of Prof, i’erris was taken by Prof. Porter, 
who remained, with myself and assistants, till 4. We observed — 


* The first of these showers is recorded by an Arabian chronicler, and also as follows in 
the ‘Annales Fuldenses’ — “Per totam noctera igmculi mstar spiculorum occidentem 
versus per aerem densissime ferehantiir ” That of the following year (856) is cited from 
similar but somewhat less authentic sources in Quetelet’a Catalogue, and is suspected to be 
identical with it. By comparing the dates of these two showers with that of the famous 
one which took place in 1366 (a year, as well as the year 868, in which the comet accom- 
panying this star-shower was also seen vide these Reports for 1873, p. 401), Boguslawski 
first suspected an advance in the node of the meteor-orbit before its real form and period 
had yet been detected. But the showers of 855-56 preceded by 12 years the regular periodic 
shower of 868 ; and it is remarked by Professor Kirkwood that this divergence of their 
dates agrees exactly with the interval by which the well-marked November showers of 1820 
and 1822 anticipated the appearance of the celebrated star-shower of November 13th, 1833. 
(‘ Nature,’ sup. ctf., March 25th, 1875.) 

1875. Q 



226 


REPORT 1875. 

h h 


From 10 

to 11 

20 meteors. 

„ 11 

,,12 

35 


» 12 

„ 1 

40 

>» 

» 1 

„ 2 

52 


„ 2 

»> 3 

75 

i) 

» 3 

.,4 

59 

j; 


Total . . . 

. . . . 281 



* When the meteors were most numerous, near 3 o’clock, the common 
point of divergence in Leo was distinctly observed.’ 

“ I may here add, although the fact is not stated in my memoranda, that 
the conformable meteors, or a majority of them, were seen near the radiant, 
and that they were generally smaller and had shorter tracks than the No- 
vember meteors observed between 1805 and 1870. The number seen was 
too small to be called a shower; at the maximum, however, the fall per hour 
was nearly double that of ordinary nights. In short, 1 have no doubt that 
they were Leonids, and think it highly probable that they were derived from 
a distinct cluster which passed its perihelion in 1787 and 1820. We have 
therefore nine recorded meteor-falls which indicate the existence of a second 
cluster of Leonids, viz. those of a.d. 288, 855, 856, 1787, 1818, 1820, 1822, 
1823, and 1852. The showers of 855 and 85G may be somewhat doubtful. 
If derived from the same meteor-cloud as the others, the dates would indicate 
considerable perturbations either by Uranus or the earth. The displays 
have been much less conspicuous than those of the major group, and hence 
the phenomena have been less frequently observed. The period is about 
33*33 years, while that of the other swarm, according to Newton, is 33*25 
years. Since their separation, therefore, the latter has gained nearly two- 
thirds of a revolution in their relative motion. The estimates which have 
been made in regard to the recent entrance of the cluster into the planetary 
system must consequently be rejected. — Daniel Kirkwood.” 

“ Bloomington, Indiana, U. S. A , 

April 20tli, 1875.” 

Lists of Meteor and Meteor-shower observations and of Cometary Radiant- 
points. — In the above-quoted publication (of May 1874) of the Italian Spec- 
troscopic Society, Prof. Schiaparelli reviews at some length the catalogue of 
observations and of meteor radiant-points by Capt. Tupman, deriving from 
them chiefly average results relating to the apparent length and to the time 
of flight of the recorded meteor-tracks. The annexed diagram shows ap- 
proximately the numbers of meteors in the list of difierent lengths and 
durations of flight proceeding by intervals of 1° up to 30° in length of path, 
and of one tenth of a second up to two seconds in the time of flight. The 
curve of relative frequency in length of path is drawn from the actual 
numbers of the observations, including 1951 recorded tracks ; and the most 
frequent lengths of path recorded among them are between 7° and 10° ; the 
average length of path derived from the whole series of observations in the 
list is 11°’0, falling a little short of the mean apparent length of course of 
meteor-tracks (13°*9) assigned by Coulvier Gravier. 

The curve of frequency of the different times of flight is a reduced one 
from the total number of 1613 observations, allowing for the rough estima- 
tions at 0®*5, 1*’0, 1**5, and 2**0 preponderating greatly among the other more 
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accurate determinations, and diminishing the scale of modified numbers so 
obtained to one half of the original figures, in order to bring the crest of the 
curve within the limits of the diagram. A duration of 0®*2 is far the moat 



6® 10° 20° a0° 


(common time of flight assigned to about one third of all the observations ; but 
a tendency to record longer times of flight in the later years (1870-71) of 
the Catalogue than in the first year (1869), in which many durations of 
only 0®'l were recorded, indicates that these exceedingly momentary times 
of flight may very probably have been a little underrated. Above 1*5 
second there are actually noted in the list meteors of great durations in 
the following numbers : — 

Duration of flight in seconds 1*6. 1*7. 2'0. 2*5. 3*0. Above 3 seconds. 

Numbers of meteors recorded 12 25 911 11 

total 59, or only 3f per cent, of all the appearances recorded. Only 47 meteors 
with times of flight varying from 1®*1 to 1®*5 (or 2*9 per cent, of the whole) 
are noted in the list, the remaining 1506 meteors all having durations not 
exceeding one second. The longest time of flight observed was 16 seconds, 
and the average duration of all the recorded times of flight was 0“*44. If 
durations exceeding 1 second are excluded as anomalous and exceptional 
from the general result, the average time of flight of the remaining 1506 
meteors was 0®-32. 

The following agreements of radiant-points in Capt. Tupman’s list with 
showers apparently corresponding to them obtained from Zezioli’s observa- 
tions are pointed out by Schiaparelli. The sign and number of the shower 
in Mr. Greg’s last general list to which they correspond is added for refer- 
ence to that Table ; and although these separate correspondences exhibit 
very excellent agreements, they afford little confirmation of the distinctness 
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accurate determinations, and diminishing the scale of modified numbers so 
obtained to one half of the original figures, in order to bring the crest of the 
curve within the limits of the diagram. A duration of 0^*2 is far the most 



common time of flight assigned to about one third of all the observations ; but 
a tendency to record longer times of flight in the later years (lb70-71) of 
the Catalogue than in the first year (1869), in which many durations of 
only 0®’l were recorded, indicates that these exceedingly momentary times 
of flight may very probably have been a little underrated. Above 1-5 
second there are actually noted in the list meteors of great durations in 
the following numbers : — 

Duration of flight in seconds 1*6. r7. 2*0. 2-5. 3’0. Above 3 seconds. 

Numbers of meteors recorded 12 25 911 11 

total 59, or only 3f per cent, of all the appearances recorded. Only 47 meteors 
"with times of flight varying from to 1**5 (or 2*9 per cent, of the whole) 
are noted in the list, the remaining 1506 meteors all having durations not 
exceeding one second. The longest time of flight observed was 16 seconds, 
and the average duration of all the recorded times of flight was 0**44. If 
durations exceeding 1 second are excluded as anomalous and exceptional 
from the general result, the average time of flight of the remaining 1506 
meteors was 0**32. 

The following agreements of radiant-points in Capt. Tiipman’s list with 
showers apparently corresponding to them obtained from Zezioli’s observa- 
tions are pointed out by Schiaparelli. The sign and number of the shower 
in Mr. Greg’s last general list to which they correspond is added for refer- 
ence to that Table ; and although these separate correspondences exhibit 
very excellent agreements, they afford little confirmation of the distiuctuess 
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of some of the adopted radiant-groups in the general list, and offer no new 
appearances of probable connexion with cometary meteor-showers. 


Radiant-point in List of Schia- 
parelli and Zezioli (S. & Z ), 

Radiant-pomt lu Tupman s 
List (T). 

Radiant-point or Group in Greg’s 
General List, 1874. 

Ref. 

No. 

Duration 
of Shower. 

Position of 
Radiant. 

Ref. 

No. 

Duration 
of Shower. 

Position of 
Radiant 

Ref. 
No G., 

Particular Radiant-points 
and Remarks. 

S.&Z. 

R.A. 

Decl. 

T. 

R.A. 

Decl. 

1874. 

5 

Jan 11-12 

18°3 

0 

-i-28 

4 

Jan. 4-31 

0 

180 

0 

+35 

11 

MG (G &n.), Jan. 1-25; 
183°+3Go. A well-defined 
radiant-group , centre at 
T 4, apparent connexion 
with comet 1792 (II) not 
confirmed, 

25* 

Feb. 1. 

215 

+30 

9t 

Feb. 3-10 

210 

+36 

(1)12 

and 

(»)18 

Shower properly belongs to 
12, a group contiguous 
tol8(QZ). No cometary 
radiant-pomt confirmed. 

147 * 

Sept. 8. 

GO 

+32 

64t 

Sept. 7-16 

66 

+40 

(t)114 

(*)129 

FG. (G & H ), including 
also T 74, August shower 
m Auriga. 

Rj, (G & H.) Muscids Ra- 
diant group and its dura- 
tion uncertain. 

189 

Dee 27 

137 

+45 

102 

Dec. 23-27 

i 

1 

130 

i 

1 

! 

1 

+49 

1 

2 

1 

i 

M,, 2 (G & II ) Approxi- 
mate agroBineut with co- 
met of 1680 not confir- 
med 


As instances of close apparent connexion of meteor-showers with comets 
which either have been or which yet remain to be verified by repeated obser- 
vations, attention may be drawn to the comparative list of meteor-shower 
and cometary radiant-points in the Table at p. 350 of the volume for 1874 
of these Eeports, in which examples of correspondence in the principal cha- 
racters of nodal or shower-dates and positions of the radiant-centres will be 
found to bo very numerous, and to be chiefly exemplified in the annexed 
selected list of the most important cases (p. 229). 

The last Annual Report of the Council of the Royal Astronomical Society 

Monthly Notices,’ vol. xxxv. p. 243) contained some brief remarks on these 
coincidences. It is pointed out that the earth’s nearest approach to a comet’s 
orbit is sometimes (if the inclination of the comet’s orbit is small) at a con- 
siderable distance from the node, and in certain cases, as that of Lcxell’s 
comet (1770 1), Clausen’s comet (1743 1), the comets of 1833, 1702 II, 568 II, 
the best agreements with known meteor-showers are found at the dates of 
the earth’s nearest appulse to their orbits rather than at those of its nodal 
conjunctions with them. Another example of the same kind appears to be 
that of Halley’s comet, 1835 III, with a date of appulse May 4th, about 
twelve days earlier than that of conjunction with the node, and with a radiant- 
point at that place which does not differ greatly from that of a considerable 
star-shower observed by Captain Tupman on the 2nd and 3rd of May, 1870, 
and on the 29th of April, 1 871. In the place of the usual sign for the node, a 
capital Greek Omega (erect or inverted) might bo used to signify an ‘‘ appulse,” 
or point of closest approach (which is generally near to one of the nodes) of a 
comet’s orbit to the earth’s. In a later Table of this Report this sign is, for 
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brevity, introduced ; but it is not thought necessary to use it in the above 
selected Table of cometary coincidences, where, for greater clearness of de- 
scription, such points of close approach (or of “ appulse ” of comet-orbits to 
the eaith’s) are simply denoted in the first columns of this Table as being 
“near’^ the comet’s ascending or descending node. Por the general pur- 
poses of comparison between the probable orbits of observed meteor-streams 
whose dates and radiant-positions may be hereafter or have already been 
sufficiently well determined, and those of certain comets whose computed 
orbits are found to pass, at the points of approach to the earth’s orbit, either 
very near to or at no very remote distance from it, and for convenience of 
reference in identifying such examples of supposed agreement between 
meteor-showers and cometary radiant-points as have already been pointed 
out, the dates and positions of the radiant-points of all the computed comet- 
orbits intersecting the ecliptic piano within a quarter of the sun’s distance 
inside or outside of the earth’s orbit are collected together in two Tables 
(pp. 232, 234) in the order of dates and of position of the cometary radiant- 
points above or below the equator, the two lists being arranged for the 
northern and southern hemispheres respectively, according to the north or 
south declinations of the computed radiant-points. As these radiant-points 
were computed by the approximate graphical method devised by Schiaparelli 
(Entwurf einer astronomischen Thcorioder Sternschnuppen, p. 78, §49), the 
tests which the elaborate calculations of many of the radiant-points by 
Dr. Weiss supply are employed to check the graphical constructions ; and all 
the radiant-points originally calculated by Professor Weiss, who takes into 
account what has elsewhere been omitted throughout in the graphical pre- 
paration of these Tables (the ellipticity of the orbits of those comets which 
are known to be periodic, and whose orbits accordingly differ sensibly from 
parabolas), are included as standards of correct determinations in the present 
lists. 

In the column of reference numbers at the beginning of the Table the names 
of discoverers and particulars of meteoric connexion of some periodic comets 
are added, together with references to other numbers where comets are known 
or conjectured to bo more or less probably identifiable with comets of an 
older date, although no elliptic figure may haAe been observed or calculated 
in the dimensions of their orbits. A question sign is added after that of the 
node or appulse if the elements arc uncertain, and the date in the following 
column is corrected for preccssional alteration to the year 1875 from that of 
the comet’s apparition. The fourth column contains the comet’s radius vector 
or distance from the sun in terms of the semidiametcr of the earth’s orbit 
as unit, at the node or point of intersection of the orbit with the ecliptic, 
unless the appulse replaces the node in the Table, when the comet’s distance 
above (-}-) or below (— -) the earth’s orbit at the point where its radius vector 
is unity is substituted in brackets (m terms of the same unit as the scale of 
measurement) for the value of the radius vector. A similar estimate to that 
afforded by the radius vector in other cases can thus be formed of the degree 
of proximity in which the path of the comet and the earth’s orbit approach 
each other in such instances at their points of close conjunctions at equal 
distances from the sun. Thus the comet 1862 II crossed the ecliptic plane 
(with retrograde motion, at an ascending node corresponding to the shower- 
date on Aug. 19th) about 0*03 (or twelve moon’s distances) without the earth’s 
orbit ; but, owing to its small inclination, in approaching nearer to the sun 
it slightly neared the earth’s orbit ; and at a point corresponding in the earth’s 
annual motion to about the 7th of August, it passed only 0*025 earth’s solar 
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distance (or about ten times the moon’s distance) above the earth’s orbit. 
Thus the observation of a star-shower not far from the latter date, between 
the 7th and 19th of August (or on August 10th, S. & Z. 140, in the above 
comparative list), with a radiant-point corresponding closely to that of meteor 
poursuivants of the comet at this point, is in satisfactory correspondence with 
the earth’s conjunction with this comet’s orbit, although the date of the 
shower and of the nearest conjunction of the orbits is not exactly that of the 
earth’s passage across the line of the comet’s nodes. In several other cases 
(as in that of Lexell’s comet) of comets moving nearly in the ecliptic, the 
point of nearest conjunction and the time of the year when the earth passes 
through it are very far removed from the place and from the corresponding 
time of the earth’s passage through the node ; and the approach of the two 
orbits is yet often closer at the former than at the latter place. 

The particulars of each comet’s approach to the earth, whether occurring at 
the node or appulse, will be found, as thus described, in the columns of the 
accompanying lists, the dates in column 3 and the places of the radiant-points 
in columns 5 and 6 being brought up (for precession) to the year 1875, nog- 
lectmg any perturbations which the orbit of the comet since the time of its 
appearance may have undergone. In cases of appulses (or of earth’s conj unction 
with the comet-orbits at a common radial distance from the sun), the motions 
of the meteor-particles are supposed to be equal and parallel to that of the 
comet in its orbit there, or at the point where its radius vector is equal to 
the earth’s distance from the sun ; as no regard is paid in the graphical 
construction to the slightly elliptic form, both of the orbits of certain comets 
and of the earth’s orbit, which are severally assumed to be parabolic and 
circular, small errors on these accounts will present themselves in the lists, 
which, for preliminary purposes, may be looked upon as unimportant. 

A -p or — sign following the dates indicates if the comet’s motion is direct 
or retrograde ; and if the comet was approaching the sun, or if it was very 
near to its perihelion at the node or appulse, there is added after the radius 
vector, or appulse- distance, in column 4, a notation sign (* or §) denoting 
these conditions ; where no such sign is added, the comet’s motion is receding 
from the sun. The italic letters after the comets’ years in column 2 are 
intended to supply some information of their general characters and appearance. 
Thus d implies just discernible by the naked eye, d plainly, and D brightly so ; 
and D a comet visible by day. tiTT indicate corresponding proportions in 
the apparent dimensions of the tails: t less than 5° ; t, 5° to 15°; 15° to 

30° ; and T upwards of 30° in length. Durations of the comets’ periods, 
where elliptic orbits are known to belong or have been calculated and assigned 
to them, are also roughly indicated by letters corresponding to their lengths 
of period thus : Z, periods loss than 15 years ; 1, 15 to 50 years; L 50 to 400 
years ; and L comets of very long periods exceeding 400 years. The letter 
p is added to comets having decidedly parabolic orbits, and h to those whose 
orbits are computed to have been hyperbolic. The sign || following these cha- 
racters indicates that at its appearance the comet passed very near the earth. 
The initials P., H. affixed to the comet of 1490 (N. 2) are those of two inde- 
pendent computers, Peirce and Hind, of two distinct and apparently equally 
probable orbits of the comet ; while the mean of two independent sets of orbit- 
elements assigned to it by Pingre is adopted in the Table for the comet of 

P . 

1582 (jST. 83), to whose designation a similar initial ^ i® affixed. The orbit- 
elements used in the rest of the Table are those of Hind’s work ‘ The Comets,’ 
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List of EadianUjpomts of Comets in the Northern Hemisphere {N). 
By A. 8. Heeschel. 
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List of Radiant-points {continued). 
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List of Radiant-points (continued). 
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List of Radiant-points of Comets in the Southern Hemisphere {S.). 
By A. S. Herschel. 
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0 

[ Do. (Weiss) 

„ 29- 

1012 

208-4 

-31-2 

42-8 

6 

r 1092 

Peb 5+ 

0 995# 

102 

-32-5 

15 9 

[ Do (Weiss) 

» 5+ 

1012 

103 

-34 5 

14-6 

(2.54,56) 7 

17431? Q/ 

1 M 6 + 

(+0 02) 

14-5 

- 0 5 

11 3 

8 

1506 Si 


1 43 

266-5 

-37 

37 2 

9 

1801 III a 

' ,♦ 13- 

0 890 

235*5 

-45 

41-4 

(40) 10 

/ 1596 tS d 

„ 23- 

24 

285 

- 8 

400 

1 1845 III 2Sd«fX 

„ 26- 

1-06 

283 

- 4-5 

37-7 

11 

1804 V Q 

Mar. 1 — 

1 115§ 

250 5 

-12-5 

44-0 

12 

1590 S3 d t 

„ 8- 

0-702 

275 5 

-38 

12 4 

(N.63) 13 

ri683 SidtL 

„ 16- 

1 050# 

209 

-50 

33 7 

{ Do. (Weiss) 

„ 16- 

1-026 

207 

-48 5 

32-9 

14 

565 II ? dt 

» 17- 

1-22# 

227 

-48 

37-4 

15 

1804 a 

» 18+ 

1-138 

35 

-69-6 

230 

(N. (17?) 16 
65) (16?) 17 

1556 Si BT 

» 19+ 

1-20 

179 

-26 

22-6 

1264 9 BT 

»» 25-1- 

0 98# 

182 5 

-28 

22-7 
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List of Eadiant-points {continued). 


1. 

2. 

3. 

4. 

5. 

0. 

7 

18 

1742 1 Sid t 

Mar 28 — 

0 827 

306 

-59 5 

37*3 

(23) 19 

1737 T Q 

Apr 124- 

(-0-13*) 

215 

-28 

37 7 

20 

1830 I d t 

.. 15 + 

0 925§ 

116-5 

-36 

12 9 

(N 78) 21 

178 Si cl 

„ 23-f- 

1 22^f 

203 

-32 5 

18-8 

(N. 82) 22 

837 If:i?d T 

May 1 — 

1-03 

334-5 

-16 

42-5 

(19) 23 

1737 T Si 

„ 8-i- 

0 52* 

235 

-15-5 

21 7 

[2(>J 24 

1006 ?? ? D t 

10- 

1 12* 

.345 

-05 

41 4 

25 

1748 1 Si df 

„ 13- 

0 860* 

351 

-64 

33-4 

[24] 26 

n c. 136 Si d 

„ 29- 

1 02 

350 

-18 

44 0 

27 

1863 III 63 

„ 31 + 

0-804* 

320 

-69 

31 3 

28 

r 1863 IT Si 

June 2 — 

1'068§ 

2 5 

-44 5 

37-2 

1 I)o (Weiss) 

2 — 

1*054 

05 

-41 7 

36 5 

29 

ri684 Si 

22+ 

1 022 

65 

-46 

25-5 

\ Do (Weiss) 

22+ 

1-010 

62 7 

-471 

24 6 

30 

j 1861 11 Si nr 

„ 30+ 

0 88 

52 

-37 

31*5 

\ Do. (Weiss) 

„30,5 + 

0 864 

54 

-39 

30 3 

Lexell’R 

(35,43,53) 

17701 Rd^/|| 

duly 8+ 

(+0 02*) 

276 

-21-5 

16 9 

(34) 32 

568 II Q D T 

„ 23 + 

(_ 0 014*) 

262 5 

-.^3 

12 3 

33 

1802 Si 

Aug 3 + 

M28* 

49-5 

-63 

23 0 

f32) 34 
Lexell’s o- 
-31,43,53) 

568 llSi DT 

„ 5 + 

0 94* 

259 

-36 

11 5 

1770T25d?; 1 

„ 6+ 

0 782* 

283 

-20 

13 3 

[37,40] 36 

f 1852 IT SB 

„ 9 — 

1 002* 

42 

-13 5 

40 4 

\ Do (Weiss) 

„ 10 - 

1 013 

40 7 

-13 5 

39 25 

[36, 40] -37 

1827 II Si 

„ 11- 

0 838* 

48 

- 8 

41 4 

38 

1499 Si d 11 

24+ 

1 035* 

319 

-64 5 

14*4 

(41, 45) 39 

f 1558 S3 

„ (25 to)] 
29- 1 

0 577 § 

70 

-21 

36-3 

1 Do (Weiss) 

„ 26- J 

0-89 

65 

— 22 


(10,36?,.. 

37?) 

j 1596 S3 d 

„ 27- 

0 754* 

49 

- 9 

40*4 

1 1845IITS3d?'L 

„ 31 - 

0 643* 

47 5 

- 6 

39-0 

(39, 45) 41 

/ 1854 lY S3 

Sept 10 — 

1 031* 

.53 0 

-15 

35 8 

\ „ TTT(Wei8s) 
1788 II S3 

„ 10- 

1 018* 

53 0 

-15 8 

34 8 

42 

„ 16+ 

0-808* 

65 

-45 

25 2 

Lexell’s 

(31,35,53)^^^ 

(N. 19) 44 

1770 I (Prbn.) 

„ 17+ 

0 074 

208 

-18 5 

10 4 

f 1763 S3 L 

„ 21 + 

0 98* 

44 

-23 

28 8 

1 Do. (Wei.ss) 

,, 20+ 

0 971 

44 5 

-24*1 

27-8 

(39,41)45 

961 S3 

„(13tc,)1 
27- 1 

0 975* 

62 

-13 

340 

46 

1723 Si f 

Oct 9- 

1005 

112-5 

- 7 

40-5 

(N 26) 47 

1580 Si?D 

„ 164- 

1 18* 

01 

-17 

28-5 

48 

f 1779 S3 

„ 19+ 

0-974* 

37 

-27 5 

18-7 

1 Do. (Weiss) 

Nov 4+ 

0 978* 

39-2 

-29-7 

17-8 

49 

1585 S3d 

1 16 

263 

-39-5 

11-6 

50 

1826 IV S3 

M 7+ 

0 87* 

32 5 

-60 5 

14-5 

51 

1707 S3 

16+ 

0 910* 

115 

-32 0 

32-0 

52 

17841 S3 df 

» 20- 

0 737 

146 5 

-18 

40 3 

Lexell’s r. 
(31,35,43)^"^ 
Blampain’s-. 
(2, 7, 55) 
Clausen’s 
(2, 7, 54) 

moindfi 

,, 29+ 

1 

o 

o 

257 5 

-21 

16-7 

f 1819 lY S3 1 

Doc 10+ 

0 897 

347-5 

-36 

110 

[ Do. (Weiss) 

« 9+ 

0 914 

346-2 

-445 

66 

j 1743 I ? Q 

1 „ ? S3 

1818 III S3 h 

Nov. 13 + 

(-0 020) 

21 

+ 45 

10-0 

Dec 21 + 

0 862§ 

7 5 

- 25 

10-4 

56 

„ 23- 

0-868 

168-5 

-35 5 

38 2 

57 

18631V S3 dt 

„ 29+ 

0 707 

147 5 

-57-5 

28-7 

4 a 

1759 III Q II 

Jan. 19— 

(-0053) 

210 

-15 

44-2 


Do. Penhei. 

Feb 8 — 1 

(-0 07) 

231 

-21 

44-1 


Do. Q 

Mar. 1 — ! 

(.-0 084)* 

253 

-25 

44-0 

'(N,43<z) 11a 

1826 III ?o 

Mar. 6— i 

(-0 076)* 

215 

-16 

37-5 

! 32 a 

B.c. 370 S2 ?? 

Aug. - 1 

1- 

25 

- 5 

39-5 ?? 1 

t 
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as excellently reproduced and completed up to a very recent date by G. F. 
Chambers in his ‘ Handbook of Descriptive Astronomy/ Orbits of comets of 
more recent dates (since the year 1866) were extracted from M. A. Guillemin’s 
comprehensive and exceedingly accurate descriptive work ‘ Les Cometes/ The 
figures in the last column of the Table represent actual speeds of penetration 
or of flight through the atmosphere of meteoric particles proceeding from 
the comets, including the small additional velocities given to them by the 
earth’s attraction. A Tabic for obtaining these, and complete Tables for 
other calculations included in these lists, are given (at the place above 
quoted) in Schiaparelli’s work. 

Researches on Meteorites, and accounts of their recent falls or discovery . — As 
will be gathered from the following abstracts of papers and communications 
relating to these subjects, great progress continues to be made in the investi- 
gation of the origin of meteorites, and of the circumstances which attend 
their fall. The first of these communications on the recent falls of Meteorites 
(Part I.), and that on the latest analytical researches and examinations of their 
structure (Part II.), contain descriptions of many such new occurrences and 
interesting observations on them which have hitherto been scarcely accessible 
to English readers, owing to the foreign languages and publications in which 
the oiiginal papers desciibing most of these particulars appeared ; the 
following brief analyses and abstracts of their principal contents having accord- 
ingly been reproduced from his extensive summary of such recent contribu- 
tions to aerolitic literature in the ‘ Geological Magazine ’ of the present year 
by Dr. Flight, they are presented here concisely and in a convenient arrange- 
ment for reference in this Ilcport. 

Part I. — Meteorites which have been seen to fall, or have been found, between 
August 1873 and April 1875. By Walter Flight. 

1873, August 24th. — Marysville, California*. 

All the facts that I have yet been able to gather respecting this fall are 
that an aerolite, weighing 12 lbs., crashed through the tree-tops with a bright 
flash, and was buried to the unusual deptli of eight feet in the ground. When 
dug out it was so hot that it could not be handled. 

Found 1873, August 27th. — Eisenberg, Saxe-Altenburg, Germanyf. 

A block of metal, weighing 1*579 kilog., was left exposed on the surface of 
the ground at the foot of the Schneckenberg, north of the Eisenberg, by a 
heavy thunder-shower washing away the surrounding soil. It is a finely gra- 
nular iron, through which are disseminated here and there yellow particles 
of magnetic pyrites or troilite. Unlike metallic masses of undoubted meteoric 
origin, it contains neither nickel nor cobalt ; when etched with nitric acid it 
exhibits, in place of figures, minute star-like forms. It has the composition : — 


Iron 

97-27 

Phosphorus 

021 

Carbon 

044 

Silicic acid 


Graphite 



100-32 


The presence of silica was confirmed by treating the white, amorphous, some- 
what rounded particles which remained undissolved with hydrofluoric acid. 

* Nature, Ist January, 1874. (From * Iron/) 
t H. B. Geinitz, ‘ Sitzungs-Ber. der Isis zu Dresden,' 1874-75. 
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1873, September 23rd, 5.10 a.m. — Khairpur, 12 miles south of Multau, 36 
miles E.N.E. of Bhawalpur, Punjab, India. [Lat. 29® 56' N., long. 
72° 12' E.]^ 

A description of the meteor at Khairpur is given by the liev. G. Yeates, 
similar in all essential details to that cited in these Reports (1874, p. 300), 
from the ‘Astronomical Register,^ with the addition that it first appeared 
near the star Algenib (about 15° above the west horizon) as a meteor, or rather 
cluster of meteors, each exceeding in brightness a star of the first magnitude ; 
and the breadth of the train left behind them is estimated to have been from 3° 
to 5°. Erom this point “its motion was not very rapid but steady, and by the time 
it had reached about 10° of the meridian, which it passed south of the zenith, 
it assumed an exceedingly brilliant appearance, the larger fragments, glowing 
with intense white light with perhaps a shade of green, taking the lead in a 
cluster, surrounded and followed by a great number of smaller ones, each 
drawing a train after it, which, blending together, formed a broad belt of a 
brilliant fiery red.” It lit up the whole country, and produced an effect 
similar to that of the electric light. It proceeded in this way, passing in its 
onward course close under Orion, the lowest star of which (Rigel) was very 
near the meridian, until it reached a point nearly due east, paling again as it 
drew near the horizon, and at about 20° above it appeared to go out rather 
than to fall. The train, which continued very bright for some time, was di- 
stinctly traceable three quarters of an hour afterwards. At first it changed 
to a dull red ; then, as the morning broke, to a line of silvery-grey clouds 
that divided into several portions, and floated away on the wind. The track 
of the meteor was unusudly long, extending through nearly 180°. The sky 
was cloudless, the morning being described as remarkably clear, with a faint 
glow in the east, the sun being still 45 minutes below the horizon when the 
meteor was first observed. After it had disappeared, and while the train 
still attracted attention, there was perfect silence, which was at length broken 
by a loud report, followed by a long reverberation, that gradually died away 
like the roll of distant thunder. This interval is estimated to have been four 
minutes. 

At Bhawalpur the explosion was sufficiently violent to shake the houses 
and slam the doors. At Bhawalgur, 80 miles from Khairpur, the meteor was 
seen, but no explosion was heard. It was also observed at Jodhpur and 
Moradabad, and was probably visible within a radius of 300 miles round 
Khairpur. 

A correspondent of ‘ The Pioneer ’ of the 30th of September records his 
observations made on the Shujabad road, 13 miles south off Multan. He states 
that the different fragments into which the meteor broke up were distinctly 
visible, “ more than twenty of them, I should say, moving in parallel courses, 
two or three of the larger ones taking the lead in the centre, and each of 
them leaving a tail of red light behind,” which blending together, formed one 
huge band of light. The report, which was very terrific, followed after the 
lapse of about three minutes and a half, which would make the point where 
the disruption of the aerolite took place about 42 or 45 miles distant. The 
train remained very bright for some time, and the clouds into which it was 

* H B. Medlicott, ‘ Joiirn. Asiat Soc. Bengal,’ 1874, pt. li. no ii. p. 33; ‘The Pioneer,’ 
Sept. 30th, 1873 ; Bnt, Assoc Report, 1874, p 300 — The description by “ G. Yates ” (As- 
tronom. Register, March 1874) appears to be compiled from two sources, that of Mr. 
Yeates’s account above narrated, and that also quoted here, contributed by a correspondent 
to ‘ The Pioneer,’ from a point of view between Multan and Shujabad. 
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transformed were visible upwards of an hour afterwards, till they faded away 
in the bright sunlight. 

Another correspondent, “ Shikaree,” states that on the left bank of the 
Chenab, some 60 miles S.W. of Bhawalpur, the meteor displayed great bril- 
liancy, and that a double detonation followed after an interval of six or seven 
minutes. 

One of the meteorites fell close to a man who had gone out into the jungle, 
and frightened him so much that ho hardly knew what occurred, and was 
under the impression that the stone pursued him for i wo hours. He showed 
the spot where it fell, however, and this was the first fiagment unearthed and 
forwarded by the Tuhsildar of Khairpur to Major Minchin, Political Agent 
for Bhawalpur. 

The stones fell partly in the State of Bhawalpur and partly in the Multan 
district, on either bank of the Sutlej, over an area extending 16 miles in a 
direction bearing 35° S. of E., with a breadth of about three miles. The 
largest and perhaps the greater number fell to the eastward of Khairpur, and 
penetrated the earth to the depth of about 1 ^ foot. They are preserved in 
the following collections in India, and weigh respectively : — 



lbs. 

oz. 

grs. 

Lahore Museum . . 

.. 10 

12 

120 

Indian Museum 

.. 9 

11 

219 

Indian Museum 

7 

14 

236 

Geological Museum . 

1 

2 

412 

Geological Museum . . . 

0 

o 

79 


Of those stones or fragments that fell on the Multan side seven have been 
heard of ; — four at different spots near Gogewala well, E.S.E. of Mahomed 
Moonit ; two at Khurampur, on the right bank of the Sutlej ; and one at 
Araoli, two miles N.W. of Khurampur. Of these, one only is in known hands, 
that from Mylsi Porgunnah, which weighs 6 oz. 70 grs. 

The account of the physical characters of the stones is very meagre. They 
are all very irregular in form, and are more or less broken. While some of 
the fractures have evidently been accomplished by hand, and others probably 
took place at the moment of falling, several appear to have occurred during 
the fall, as the glazed surface has been partially renewed. The stones are of 
the usual steel-grey colour and exhibit compact crypto- crystalline texture. 
One specimen has the s})ecific gravity =3-66. 


1873, December. — Coomassie, Kingdom of Ashantee, Africa ♦. 

In a letter from the War Correspondent of ‘ The Standard’ it is stated that 
among the portents of evil which were observed at Coomassie while the 
British Army halted on the banks of the Prah, an aerolite fell in the market- 
place of Coomassie. In reply to an application for further details respecting 
this event, Mr. Henty writes that he obtained his information from one of the 
clergymen of the Basle Mission. He says : — “ They mentioned these ‘ pro- 
digies ’ as matters of common rumour and belief at Coomassie, but they do 
not appear to have even made any inquiries whatever as to their truth. 
Coomassie was deserted when we got there, so there w as no opportunity of 
gaining further information.” 


* G. A. Henty, ‘ March to Coomassie.’ London • Tinsley Bros. 1874, p. 320. 
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1874, May 14tli, 2.30 p.m. — Castalia, Nash Co., N. Carolina. 

[Lat. 36° 11', long. 77° 50'.]^ 

A short notice in ‘ Silliman’s Journal ’ states that the descent of those me- 
teorites, numbering a dozen or more, was accompanied with a series of explo- 
sions and rumbling noises which lasted about four minutes, and were “ not 
unlike the discharge of firearms in a battle a few miles off’.'^ Although the 
fall took place by day, a luminous body was observed. The area over which 
the fragments fell was ton miles long and three wide. Three stones, weigh- 
ing 5*5, 1*0, and 0-8 kilog., have been found. The dull-coloured crust does 
not entirely cover the stones, the fused matter forming it being scattered over 
some small parts of the surface in the form of pear-shaped beads ; in one or 
two crevices the fused material has penetrated 5 millims. below the surface, 
and here it is more brilliant than on the surface. 

The colour of the interior is in many parts of a dark grey, owing to the 
presence of a larger amount of nickel-iron ; in the lighter portions are seen 
some white spots of a mineral that is doubtless enstatite. The specific gravity 
of the stone is 2*601, and its proximate comjiosition : — 

Nickel-irou .. 15 21 

Holublo silicate . ... 44 1)2 

Insoluble silicate ... 30*87 

The metallic part consists of 100 00 

Iron =0212, Nickel =(>20, Cobalt =98 73; 
and the siliceous portions of 

SiO, AiPj FeO MgO Na^O S 

A. Soluble .... 38*01 0 4() 17*51 4127 . ... 101 = 98 26 

B. Insoluble .. 52*61 4 80 13 21 27 31 138 ... = 99 31 

The soluble silicate is an olivine in which the ratio of MgO to Fe is about 
4:1; the insoluble part is a bronzite ; and in addition to the minerals already 
mentioned, the presence in the Castalia stones of small amount of iron sul- 
phide and anorthite was recognized. 

1874, May 20th. — Virba, near Vidin, Turkey t. 

This meteorite fell with a loud noise, and entered the ground to the depth 
of one metre ; it weighed 3*60 kilogs. A fragment presented to the Paris 
collection by His Excellency Safvet Pacha is covered with the usual dull 
black crust : a fractured surface shows tlie meteorite to have a light-grey 
colour and a very finely grained texture, with grains of metal distributed 
through the mass ; in certain parts spherular structure is apparent. In a 
microscopic section it was found that the transparent and almost entirely 
colourless stony particles act on polarized light. The metallic portion is 
nickel -iron, the presence of an iron sulphide is recognized by the action of 
acid, and numerous small black grains of chromite are distributed tluoughout 
the stone. A part of the siliceous constituents gelatinize with acid, indicating 
the presence of olivine ; and a residue, which resists the action and consti- 
tutes less than one half of the weight of the stone, is believed to be enstatite. 

The Virba stone belongs to the large class of which the meteorite of Luc<5, 
Sarthe, France (1768, September 13th), may be taken as the type ; and is 

* J. L. Smith, ‘ Amer. Journ. Sc.’ 3rd ser. vol. viii. p. 147. 

t G. A. Daubree, ‘ Comptes Rendus,’vol. Ixxix. p. 276. 
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most closely allied to the aerolites of Bachmut, Island of Oesel, St. Denis 
Westrem, Buschof, Dolgaja Wolja, and those of other localities mentioned in 
Daubree^s paper. 

1874, August 1st, 11 p.M. — Hexham, Northumberland*. 

In the ‘ English Mechanic ’ is a letter from a person signing himself Ralph 
Lowdon,” of Gateshead, stating that at the above time and place “ a massive 
ball of intense light,” accompanied by other pear-shaped balls of fire, was seen 
to drop towards the earth. The aerolite, which is alleged to have fallen in an 
orchard on the bank of the North Tyne, at no great distance from Hexham, 
is stated to have been found the following day at 9 a.m. at a depth of 14 inches 
in the soil, still quite warm, and to have weighed 301 1 lbs. Letters directed 
to the above are returned by the Post-oifice authorities, while a courteous 
reply which I received from the Rev. H. C. Barker, of Hexham, states that 
the editor of ‘ The English Mechanic ’ must have been misinformed. The 
reverend gentleman writes : — “ To make assurance doubly sure, I have made 
inquiry in several quarters, and cannot find even the slightest foundation for 
the statement.” 

1875, Eebruary 12th, 10.30 p.m. (Chicago time). — Iowa Co., State of lowaf. 

A very large and brilliant fireball passed over Iowa City at the above date, 
in a direction slightly N. of W. ; the apparent size of the meteor was about 
half that of the full moon, and it was accompanied by a broad train of light 
of a slightly green hue. Three separate explosions of the fireball were noticed 
while it was still in view, and about two or three minutes after it disappeared 
three reports, resembling the discharge of the blast of a quarry, were heard. 

The phenomenon attracted general attention throughout several counties in 
the central part of the State of Iowa ; and although the visible path of the 
meteor does not appear to have exceeded 50 to 60 miles, the occurrence 
attracted attention and was heard over an area measuring about 125 miles 
from E. to W., and half that distance from N. to S. An observer at Brooklyn 
was aroused from his bed by the report ; and another, who was riding in a 
sleigh near West Liberty, 40 miles E. of the spot where the stones fell, states 
that objects were rendered about as visible as if it were day, the explosions 
being loud, and followed by a rumbling sound that lasted some 60 or 90 
seconds. According to the ‘ Grinell Herald,’ the interval, as observed at that 
town, between the light of the meteor being seen and the report being heard 
was three minutes. The ‘ Des Moines Register ’ states that between Red Rock 
and Newton some of the meteorites passed so near the earth’s surface that 
they clipped off branches from the trees. 

Prof. N. R. Leonard, of the Iowa State University, states that the meteo- 
rites weighed altogether about 250 lbs., whereof 141 lbs. came into his pos- 
session ; Prof. Hinrichs makes the total weight about 300 lbs The largest 
mass, which was broken in falling, w^eighed 43| lbs., the chief fragments, 
found together, being 20 lbs. and 16 lbs. in weight. 

According to a description, of a very sensational character, which is given 
in the ‘ Dubuque Times,’ one of the meteorites was found in a field about 
three miles S. of the village of West Liberty, having penetrated, so it is stated, 
to a depth of fifteen feet into the ground. 

* The English Mechanic, August 21st, 1874. 

t A. W. Wright, ‘ Amer. Journ. Sc.’ ix. p. 469, and x. p 44. Cuttings from American 
newspapers and other communications to the Committee received from Mr. B. V. Marsh. 
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The ‘ Davenport Gazette ’ states that another stone fell at Homestead, near 
Iowa City (lat. 41° 46' H., long. 92° O' W.), in a field covered with ice and 
snow, and rebounded in a N.E. direction for a distance of more than thirty 
feet up a slight declivity, where it came to rest in the sand, which was fused 
and adhering to it. It weighed originally about 7 lb. 6 oz., but had boon 
reduced by eager curiosity-hunters to 3 lb. 8 oz. ; the fractured surface of 
this meteorite had a dark and less distinct coating than that belonging to the 
larger block from which it had been detached by the explosion. 

The stones are covered with the usual black crust, and there is evidence on 
some of the pieces of the meteorites of the fused material of the outer portion 
having run partially over the freshly fractured surfaces. Some fragments 
show distinct evidence of a sort of lamination or imperfect stratification, the 
parts where the surfaces cleaved being smoothed down as if by pressure or 
friction. About 100 were found, varying in size from 0,500 to 50 grammes, 
25 kilogs. having been sent to Paris. A preliminary chemical examination 
of this meteorite has already been made by L. Smith, who finds the specific 
gravity to be 3*57 and the composition : — 

Nickel-iron =12 53, Troilite =5*82, Silicates =81*61: total 100*00. 

The nickel-iron consists of 

Iron =89*04, Nickel =1035, Cobalt =0 54 total 99 93, 

with traces of copper, phosphorus, and sulpliur. The silicate contains iron 
protoxide, alumina, magnesia, soda, with traces of lithia and potash, and has, 
according to L. Smith, very similar compositions to the meteorite of New 
Concord, Guernsey Co., Ohio (1800, 1st May). Daiibrce remarks on its chon- 
dritic structure, and considers it to belong to a large class of meteorites, 
notably represented by the stones which fell at Youille (1831, May 3l8t) and 
Aumale, Algeria (1865, August 25th). 

This meteorite being of the stony kind, and having so recently fallen, it 
occurred to Wright (see also the examination of the Texas Meteorite, p. 244) 
to examine the gases contained in the particles of iron distributed throughout 
its mass, with a view to learning whether they present the same characters 
as the gases occluded by the iron forming large and independent masses. 

He extracted from this picked iron at a moderately elevated temperature 
several times its volume of gas, consisting of 35 per cent, of carbonic acid, 14 
per cent, of carbonic oxide, the remaining 51 per cent, being chiefly hydrogen. 
These results were obtained from metallic portions removed with the magnet : 
the pulverized rocky residue, however, retained a considerable amount of iron in 
too finely divided particles to enable them to lift the stony fragments adhering 
to them ; accordingly a piece of the solid meteorite, about four cubic centimetres 
in amount, was reduced to powder and placed in the tube attached to the pump. 
The warmth of the hand sufficed to disengage some little gas, which, when 
tested, was found to contain carbonic acid and hydrogen. The pump was 
then set in action, and heat applied to the tube in the following manner : — 
I. The temperature of boiling water continued for several hours. II. The 
moderate heat (200°~250°) of a small Bunsen flame applied for a short time. 

III. A stronger heat, kept below visible redness, applied for nearly an hour. 

IV. Low red heat maintained about half an hour. V. Full red heat. The 
total amount of gas evolved was about two and a half times the volume of the 
material operated upon, and twenty times that of the iron. The following are 
the relative proportions of the gases obtained at different temperatures : — 

1875. R 



242 


EEPORT 1876. 


I. 

At 100®, 


Carbonic acid 95*40 ... 

Carbonic oxide 0*00?.,. 

Hydrogen 4*54 ... 

Nitrogen (calculated) 0 00 ... 


10000 


II. • 

III. 

IV. 

V. 

At 250°. 

Below 

At low 

At full 

red heat. 

red heat. 

red heat. 

92*32 .. 

42-27 .. 

36-82 .. 

. 6-56 

1*82 .. 

,. 6*11 .. 

. 0 49 .. 

. 0(K) 

6 86 .. 

,. 4800 .. 

. 68 61 .. 

,. 87-53 

000 .. 

. 4 60 .. 

. 6*18 .. 

,. 6*91 

100*00 

100 00 

100 00 

10000 


^ As regards the gas they occlude, iron and stony meteorites show a marked 
distinction. While the gases of the Lenarto iron contained 85*68 per cent, of 
hydrogen, those obtained from cosmical masses of the stony kind, if the Iowa 
meteorite may be regarded as a type, are characterized by the presence of car- 
bonic acid, which constitutes nine tenths of the gas evolved at a temperature 
of boiling water, and about one half of that given off at a low red heat. 

The spectrum of the gas of the Iowa meteorite, when the pressure of the 
pump was high, gave very brilliant carbon bands, the hydrogen lines being 
weak and comparatively inconspicuous, although at a very low pressure they 
became relatively stronger. The brightest carbon bands were the three in 
the green and blue, the red one being much feebler. These are precisely the 
ones most conspicuous in the spectra of some of the comets ; and this fact is 
a remarkable confirmation of the received theory as to the meteoric character 
of those bodies. 

This, moreover, is a very significant fact ih showing that it is quite unneces- 
sary to assume the existence of volatile hydrocarbons to explain cometary 
spectra, as some writers have done, and that the presence of the two oxides 
of carbon in such quantity is quite sufficient to account for all that has been 
observed when we consider the circumstance that the tension of the gases of 
the cometary appendage must be extremely small. Were a large comet to 
approach near enough to the sun to have its nucleus intensely heated, it is 
highly probable that, over and above the bands already observed, the hydro- 
gen lines would bo found in its spectrum. 

Wright expresses regret that such a comet as Donati’s should have departed 
into space just early enough to escape observation with the spectroscope. 
While the most probable cause of the emission of light under these conditions 
is electricity, another may be found in the property of gaseous bodies of 
emitting light of the same character as that which they absorb. It is not 
altogether improbable, Wright suggests, that the solar radiations absorbed by 
the gaseous matter, although for the most part converted into heat, would also 
in part be emitted again as light, and that in the case of volumes of gas filling 
many cubic inches, the intensity might be sufficient to give a distinct spectrum 
of broad bands or lines, even though, on the scale of any possible experiment, 
no trace of such an action can be detected. These researches have led the 
author to accept the following conclusions : — 

1. The stony meteorites are distinguished from those which are metallic by 
occluding the oxides of carbon, chiefly carbonic acid, as their characteristic 
gases, in place of hydrogen. 

^ 2. The proportion of carbonic acid evolved is much greater at low than at 
high temperatures, and is sufficient to mask the hydrogen in the spectrum. 

3. The amount of gas contained in a largo meteorite, or a cluster of such 
bodies serving as a cometary nucleus, is sufficient to form the train as ordi- 
narily observed* 

4. The spectrum of these gases closely resembles that of several of the 
comets, 
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Tbe emission of gaseous constituents by the action of solar heat may explain 
the loss of tail and the diminution of brilliancy observed in the case of several 
comets in their successive revolutions 5 and their final disappearance from sight 
will follow as an inevitable consequence, the number of revolutions necessary 
to discharge the gases depending chiefly on their size and the nearness of their 
approach to the sun at their perihelia. "When a meteorite enters our atmo- 
sphere, the gases which are evolved from it by the heat which is liberated 
must greatly contribute to increase the intensity of that heat, while the 
sudden expansion which these gases experience must constitute the loading 
cause of the violent disruption of these masses. 

1875, March 31st, between 3 and 4 r.M. — Zsadany, Temesv^r, 
the Banat, Hungary*. 

No luminous meteor appears to have been observed at the time these stones 
fell ; the day was bright and sunny and the sky cloudless. A sound as of 
platoon-firing was heard, and a small shower of black stones descended, some 
within the area of the village of Zsadany in the courtyards of the inhabitants, 
others in the open fields. They did not fall together, but at slight intervals, 
which appear to have been at least one third of a minute. Some were picked 
up immediately they reached the ground, and were found to be cold. It may 
be mentioned here that the stones which fell at Dhurmsala, in Indiat (1860, 
July 14th), are stated to have been so cold that they could not be held in the 
hand. 

Sixteen stones in all have been found ; the largest, having the size of a goose’s 
egg and weighing about 152 grammes, is preserved in the National Museum 
at Pest; the remainder have an average size of a walnut, and their aggregate 
weight is nearly 400 grammes. Memak has sent a preliminary report de- 
scribing the seven largest stones, illustrated with photographs of the four most 
interesting masses, to the Hungarian Academy of Sciences. The investigation 
of this aerolite has been undertaken by Wartha and Krenncr ; the former will 
subject it to analysis, the latter examine its minerdogical characters. 

I learn, from an obliging letter received from Prof. Szabo, that these meteor- 
ites have a coarse-grained texture and are somewhat friable, and that they 
contain nickel- iron and scales of graphite. 

1875, April 14th, 0.30 a.m. — Haddon, Grenville Co., Victoria, AustraliaJ. 

A very brilliant meteor appeared from a bank of cloud about 2(f above the 
N.W. horizon; it became elongated and pear-shaped as it traversed the 
heavens from W. to E., attaining an altitude of 50® on passing the zenith, 
where the nucleus appeared to break up and roll on in misshapen spheres of 
various sizes. On reaching a point within 20® of the N.E. horizon, the light 
became more intense and then the meteor disappeared. Eight or ten seconds 
later, reverberations as of thunder were distinctly heard. An eye-witness 

* Egyetertes ^8 Magyar Ujs^, 23rd April and June IGth, 1875. 

t W. von Haidinger, Sitzungsber. Akad. Wiss Wien, xlii 305, xliv. 285. [It was a subject 
of frequent remark in conversation by Professor Brayley that the only foundation for this 
statement was a part of the native evidence collected on the occurrence of this stonefall, 
that the meteorite came “ from Ihe abode of snow” — a phrase which, m the native dialect, 
signifies a “ northern direction,” by a simple but direct allusioii to the snow-topped summits 
of the Himalayas. — A. S H.] 

f The Illustrated Australian News, May 17th, 1875, p. 68. — The same extract from this 
Australian newspaper was also obligingly communicated to the Committee by Mr. W. H. 
Wood (see the first Appendix of this Report). 

b2 
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stationed at Haddon thought he saw matter fall near him, and the next day 
found a lump of melted matter, light in weight and of a nearly black colour, 
a portion being “ a yellowish-brown substance like cinders from iron-smelting*,’' 
as well as two fragments that were black, like coke, and a smaller fragment 
of a yellow hue. Tins great meteor, of which an engraving is given in ^ The 
Illustrated Australian News,’ was, it appears, observed in several parts of the 
country ; but no other accounts of it indicating either the extent or position 
of its real course have yet been received. 


Part II. Meteorites. — Abstracts of ^papers puhUslie/l recently on Meteorites^ 
which either fell or were found before 1874. By Walter Plioht. 

1808. — lied River, Tcxas^. 

As Graham t has shown that the Lenarto meteoric iron contains 2*85 times? 
its volume of occluded hydrogen, carbonic oxide, and nitrogen, and Mallet 
found 3-17 times its volume of hydrogen, carbonic oxide, carbonic acid, and 
nitrogen occluded in the meteoric iron of Augusta Co., Virginia, it occurred 
to the author that it might be possible to detect in the gas of these irons the 
unknown gaseous elements assumed to be present in the solar corona and 
chromosphere. The investigation was undertaken with the hope that thof 
spectroscope would reveal them, if present, although their small amount or 
peculiar characters might render their detection by ordinary chemical methods 
difficult or impossible. 

A vacuum-tubo of the form ordinarily employed in spectroscopic work was 
attached to a branch of the exhaust-tube of a Sprengcl pump, and a prelimi- 
nary examination was made of the lines exhibited by this tube after simiile 
withdrawal of the air. As Pliickcr and Hittorf J: have already shown, lines 
of hydrogen and bands due to carbon make their appearance as soon as tho 
limit of exhaustion has been attained ; the author noticed the red hydrogen 
line when the tension fell to 4 or 5 millims. and other hydrogen lines when a. 
higher degree of rarefaction was attained. Mercury lines, varying in bright- 
ness with the temperature of the room, are also to bo seen. His investigations; 
were directed to an examination of the gases of the groat Texas meteorite* 
preserved in the Mineral Collection of Yale College, and the meteoric iron <si 
Tazewell Co. and Arva, Hungary (pp. 247, 248). The iron was in very smaM 
particles (chips produced by the borer), and the exhaustion was proceedbd 
with without application of heat. He noticed that the iron gave off a por- 
tion of its gas at ordinary temperature ; and when the tension was reduced to 4- 
millims., Ha and llfl were bright and distinct, and Ily visible while the carbon 
bands were also distinctly seen. When a gentle heat was applied, the tubo„ 
which had hitherto presented the appearance of an ordinary hydrogen tube,, 
underwent a change ; the light in the broad portion became a straight hazy 
stream, of a dull greenish-white colour, similar to that observed in a tube* 
containing either of the oxides of carbon. When the tube containing the 
metal was raised to low redness, only a small quantity of gas was given ofL 
Wright did not measure the amount of gas removed by the pump, but has 
calculated this quantity from an observation of tho degree to which I cub. 
centim. of tho gas lowered the gauge of tho instrument. Ho finds in this 
way the mixed gases extracted to have occupied 4*75 times the voluntto 
of the metal. While this exceeds the quantity which Graham and Malk^ 

^ A. W. Wright, * Amer. Joum. Sci.’ 1875, ix. p. 294. 

t Proc, Roy, Soc. vol. xv. p. 502. } Phil, Trans, yol, cly, p. 1. 
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ML'Otioed in thoir investigations, the author believes that the whole amount was 
by no means exhausted, and ascribes the excess to the fact of the metal which 
he used having boon in a fine state of division, 

1812, August 5th. — Chantonnay, Dep. dc la Vendee, France*. 

In the winter of 1874 Tschermak published a paper on the structure of the 
meteorites of Orvinio and Chantonnay, which appear to have many characters 
in common. Sections of the latter stone, three drawings of which arc given 
in his paper, show it to be made up of chondritic fragments, covered with a 
dark-coloured crust, and cemented together with a black and in places semi- 
vitreous material. The fragments are not very abundantly provided with 
spherules, although large ones are here and there met with. It differs from 
the chondriie of the Orvinio meteorite in containing lesS iron ; a section shows 
olivine, bronzitc, a finely fibrous translucent mineral, as well as nickel-iron 
and magnetic pyrites. The presence of chromite was not recognized. Fine 
black vems of a mineral traverse ihe fragments here and there, and arc con- 
nected with the cementing material. Similar veins are noticed in the me- 
teorites of Lissa, Kakowa, Chateau llcnard, Alessandria, and Pultusk ; and 
in the Lissa and Kakowa stones they present the appearance as if the me- 
teorite had originally come in contact with a molten material which had been 
injected into the clefts of its surface, llcichciibach was of opinion that the 
black veins were directly and intimately connected with the fused surface ; 
his view, however, is open to question, from the fact that the interior of a 
meteorite has usually a low temperatiiro when it reaches the earth’s surface. 
Moreover, in the case of the Chantonnay stone, clefts are to be met with into 
which the black matter of the crust has penetrated to a depth of 6 millims. 
only, although the cleft remains partly open. The black semivitreous magma 
consists of an entirely opaque mass, enclosing flakes of the silicate which 
forms the fragments, as w^ell as occasional spherules. 

Although llammelsberg, who analyzed this stone, does not describe the phy- 
sical characters of the material he operated on, and did not separately examine 
the fragments and the cementing material, as Tschermak has done in his exami- 
nation of the Orvinio meteorite, Tschermak points out that the two meteorites 
have much the same composition, and differ mainly in the proportion of iron. 
The characters observed in these two meteorites point to the conclusion that 
they did not originally possess their present constitution, but that by the dis- 
integration of a solid rock-mass and its subsequent cementation with a semi- 
vitreous magma they attained their present ajipearance. Though they 
resemble somewhat the eruptive breccias, they dilfer from them in that the 
meteoric cementing material is less homogeneous, and encloses compact flakes 
of the rock itself. The Chantonnay stone exhibits the fine texture observed 
in some metamorphosed breccias. The two stones convoy to us evidence of 
changes which must have occurred on the solid surface of some planet that 
was subsequently reduced to fragments. 

1813, September 10th. — Adaro, &c., Co. Limerick, Ireland f. 

This meteorite, originally investigated by ApjohnJ, has been examined by 
B. Apjohn, who finds that it contains a trace of vanadium. The date which 

* G. Tschermak, ‘ Sitzungsber Ak. Wiss Wien,’ Ixx. November Heft, 1874, 

t B. Apjohn, ‘ Joura. Chem. Soc ’ xii. p. 10*1. 

X Apjohn, ‘ Trans. Irish Acad.’ xviii. p. 17. 
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he assigns to the Ml of this stone (1810) appears to be that of another Irish 
meteorite which fell at Mooresfort, Tipperary. The nickel-iron has the com- 
position ; — 

Iron =«85T20, Nickel = 14*27, Cobalt =0 602, Phosi)horus = trace : total 09*997 ; 
and the result of the treatment with acid : — 

SiOa AiPg FeO MnO CaO MgO NagO Kp Pp 

A. jSoluble 42*91 2*35 1693 0 26 5 34 2432 0*29 0 02 . ... = 98*42 

B. Insoluble... 59*48 3*24 7*94 8 84 4 02 1317 1*80 0*30 trace =* 99*45 

The mineralogical composition of the stone is stated to be ; — • 


Nickel-iron 19*07 

Chromite 1 75 

Magnetic pyrites 0 54 

Soluble silicate 35*44 

Insoluble siheate 37*07 


99 87 

The chromium oxide present as chromite is not mentioned at all in the 
above analysis. The iron sulphide is probably present as troilite (iron mono- 
sulphide mica, according to the older analysis). The greater part of the sul- 
phur is in the part which is not attracted by the magnet. There the ratio is 
given as Fe=3‘92, 8=2*04; the percentages for troilite, using the sulphur 
as the basis for the calculation, would be re=3*57, 8=2*04, and for mag- 
netic pyrites Fe=3*12, 8=2*04. 

In a courteous letter received from tbe author he informs me that the 
amount of vanadium present was too small to allow of a quantitative estima- 
tion being made. He believes that in amount it is about half that met with 
in the trap-rocks of Auvergne, which have recently been examined by him. 
He is iiichned to the belief that the vanadium is present as an oxide associated 
with the chromite, for wo know vanadium occurs in terrestrial chromo-iron 
in comparatively large quantities.” 

1835, July Slst or August let. — Charlotte, Dickson Co., Tennessee^. 

The iron which is found disseminated in small particles throughout the 
moss of many meteoric stones represents in miniature the huge blocks of mc- 
teoria iron that from time to time have been met with on many parts of the 
earth^s surface, the record of the fall of which is unknown, their descent 
having probably taken place at an epoch long anterior to that of their discovery. 
While the stones enclosing iron have not unfrcquently been seen to fall, the 
descent of purely metallic masses has been rarely witnessed. At present we 
know of only the following few authentic cases : — Agram (1751), Braunau 
(1847), Victoria West, 8. Africa (1862), Nidigullam, Madras (1870), and 
Marysville (1873). To these few instances is to be added the one heading 
this notice, of which a brief account was published by Troost, of Nashville, 
in 1845 f. The Tennessee iron fell from a cloudless sky, near several persons 
who were working in the fields. A horse which was harnessed to a plough 
close by took fright and ran round the field, dragging tbe plough with it. 

The iron has remained in the Troost Collection up to the present time, when 
it passed into the hands of Dr. Laurence Smith. It is a kidney-shaped mass, 
and has a bright surface like that of soft cast iron. When etched it exhibits 
AVidmannsUittian figures in great perfection, and the author states that in this 

* J. L. Smith, ‘ Comptes Rendus/ 1875, vol. Ixcd. p. 84. 
t Amer. Journ. Sc. vol. xlix. p. 336. 
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respect ho is acquainted with only three or four irons which rival it. An 
illustration accompanying his paper, closely resembling the one given by Troost, 
is a representation of the outer surface magnified ; this is elaborately reticu- 
lated, edges of thin laminoe of metal, inclined at angles of 60°, traversing the 
surface, the edges being separated from each other by an apparently semi- 
fused slag-like material. The specific gravity of the iron is 7*717, and its 
composition : — 

Iron =91’15, Nickel =8'01, Cobalt =0’72, Copper =0*06 : total OO’OI. 

Sulphur is not present, and of phosphorus only a trace was recegnized; and 
the author states that he has never before met with so small a proportion of 
this element in a meteoric iron. The gas extracted from this iron by A. W. 
Wright, who has recently examined the occluded gases of the irons of Texas, 
Arva, and Tazewell Co., as well as that of the meteorite of West Liberty, Iowa 
(which see), has nearly twice the volume of the metal operated upon, although 
this is probably a portion only of that actually present. It is composed of : — 

Hydrogen =71 4, Carbonic oxide =15 3, Carbonic acid =13 3 : total lOO’OO. 

A question of no slight interest in regard to the changes which meteoric 
irons undergo during their passage through the atmosphere is whether their 
surface becomes fused. Prom his study of the Tennessee meteorite, Dr. Smith 
has decided it in the negative. The fact of the delicate reticulated surface 
having been preserved is a proof that the heat, instead of having been raised 
to a high temperature on the surface, has quickly been conducted away into 
the mass of the metal. Had fusion of the superficial layer iakoii place, the 
meteorite would have been coated with molten oxide. 

The author finds in this fact a confirmation of his theory that the Ovifak 
masses arc not of meteoric origin. 


1840. — Szalnicza, Arva, Hungary*. 

Por his investigation by means of the spectroscope of the gases occluded by 
meteoric iron, Wright examined those from the Eed Biver, Texas, and Taze- 
well Co., Tennessee (which see below). 

The amount of carbon present in the former iron was found on chemical 
examination to be very small ; in the latter none was detected. A series of 
experiments were therefore made with the above iron, which, according to 
Lowet, contains a larger amount of carbon. While it was an easy task to 
remove fragments of the above-mentioned irons, great difficulties were ex- 
perienced in the present case, the metal having nearly the hardness of steel. 
When the tube containing fragments of this iron was exhausted, and before 
heat was applied to it, the spectroscope indicated the presence in the “ vacuum- 
tube ” of both hydrogen and carbon gases ; the lines of the former element 
were very brilliant, and the first, second, and third bands of the latter, 
counting from the red end, were visible. The application of a heat hardly 
sufficient to pain the hand caused an entire change in the appearance of the 
vacuum-tube ; the broad part took a greenish hue, while in the spectroscope 
the carbon bands shone quite brightly. When the heat was raised to a tem- 
perature considerably short of redness, the only change noticed in the spec- 
trum was a greater intensity of the carbon bands ; the gas collected at this 
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stage of the operation was found on analysis to consist of hydrogen, carbonic 
oxide, and carbonic acid, the latter amounting to three or four per cent. 

In some experiments on artificial soft iron the author obtained a spectrum 
in every way similar to that of the meteoric metals ; the hydrogen lines did 
not appear so early nor were they so bright as in the latter instances. 

The iron of this meteorite, which by its groat hardness was separated in 
the state of fine powder, yielded, when heated at different temperatures up to 
low redness, 44 times its volume of gas. While it seems not improbable that 
some portion of what has been occluded gas may have been atmospheric air, 
the yield is so unusually largo that it suggests the question, May not the more 
perfect removal of the gas from the iron be due to the fine state of division of 
the metal operated upon? In the case of the Texas and Tazewell irons, 
where the yield of gas exceeded that obtained from the Lenarto and Augusta 
Co. irons, the metals wore in very small pieces, which would favour a more 
refined and complete evolution of the gas ; in the last-mentioned instances 
they were en bloc. That iron may under certain conditions, as when deposited 
by electrolysis, take up nearly two hundred and fifty times its volume, has 
been shown by the recent researches of M. Cailletet^. An ohseiTation re- 
cently made has a bearing on this question. While analyzing a specimen of 
silver amalgam, I endeavoured to remove from a weighed fragment of the 
mineral the mercury by heating the specimen in a hard glass tube for more 
than five minutes in the flame of the table blowpipe. The silver immediately 
fused and remained during that time in a molten state. When cold, the 
globule of metal was flattened into a plate, and having cut it into strips and 
subjected it to a second heating, I succeeded in removing a considerable part 
of a per cent, of mercury from it. 

Wright’s researches on the gases of meteoric irons have shown a varying 
character in the oxygen and nitrogen lines when in the presence of hydrogen, 
and the near coincidence of two of them with prominent lines in the corona, 
with the possible coincidence of a third line, which appears to indicate that 
the characteristic lines in the coronal spectrum are due, not so much to tho 
presence of otherwise unknown elements, as to hydrogen and tho atmospheric 
gases oxygen and nitrogen. 

The observations were made with a spectroscope of six prisms with a re- 
peating prism, giving the dispersion of twelve in all. 


1853. — Tazewell, Claiborne Co., Tonnesseef. 

This meteorite was one of those selected by the author for his investigation 
with the spectroscope of tho gases occluded by meteoric iron (see also the 
meteorites of Bed Biver, Texas, and Arva, Hungary). It is noted for the 
large amount of nickel, 14* 62 per cent., which it contains; it had been exa- 
mined by J. L. Smith J, who found no carbon in it. As in the case of the 
Texas meteorite, this iron appears to evolve gas before heat is applied ; the 
rod and green hydrogen lines were brilliant, while the hands of carbon were 
not noticed. When heat was applied, the spectrum showed the hydrogen 
lines very brilliantly, and the four chief carbon bands in great strength. As 
the tension of the gas decreased, the hydrogen lines became relatively stronger, 
and the carbon bands grew narrower ; and at 1 millim. these hands were still 
prominent, and some narrow bands, apparently belonging to nitrogen, were 

* LTnstitut, nouv. s^r. iii. p. 44. 

* t A. W. Wright, Amer. Joum. Sc. 1875, ix. p. 294. 
t Amer. Joum. So. [2], vol. xix, p. 153. 
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observed. They diifored, however, somewhat as to the order of their relative 
intensities from those observed with nitrogen alone. One of the lines appeared 
to coincide with the chief coronal line 1474 K, although not so sharp as the 
latter appears in the solar spectrum. An oxygen line likewise observed has 
the position 1 462 K very nearly, and falls very near the position assigned to 
a bright coronal line by Denza and Lorenzoni when observing the eclipse of 
the 22nd December, 1870. A second oxygen line, less bright but shai^) and 
distinct, has the position 1359 + 1 K. The author directs attention to tho 
complete change which tho spectrum of an air-tube undergoes by the intro- 
duction of hydrogen. According to the method by which Wright calculates 
the amount of gas present in an iron (sec the meteorite of the lied Hiver, 
Texas, above), this metal occludes 4*69 times its volume of mixed gases. 
Although the greater part of the gas had been removed, the author is of 
opinion that the whole amount was by no means exhausted. Tho fact of the 
volume of gas in this instance being in excess of that obtained by Graham and 
Mallet probably arises from the Tazewell iron having been in a finely divided 
state. 

1871, Spring of. — llocla, Province of Hucsca, Spain*. 

The exact date of the fall of this meteorite is not given, but it is stated to 
have occurred during the spring of 1871, at a spoi. two kilometres from lloda. 
Two fragments in the possession of Pisani weigh al)oiit 200 grammes, and 
appear to have formed the half of a stone which was of the size of a fist. It 
is covered with a black crust, which is continuous and brilliant in places 
whore this species of lustrous varnish has run. The interior is ashy grey, 
with greenish grains resembling peridot (some several millimetres in diameter) 
scattered throughout the mass. The grey surface is, however, not of a uni- 
form tint, but presents two irregularly shaped areas, one being grey, the other 
yellowish grey. The stone is very friable, and has no action on the magnetic 
needle. Before the blowpipe it is fusible, becoming bkek and feebly magnetic. 

Only a small portion, 14*75 per cent., of the meteorite is broken up by acid, 
that unacted upon amounting <n 85*97 per cent. Below are given, in addi- 
tion to the composition of the constituents separated by acid, the results of an 
analysis of the minerals constituting the mass of the stone : — 

S 1 O 2 AiPa Cr.jO., FcO CaO MgO K^O and Na,0 S 

V. ' 


A. Soluble... 38-85 4 81 24-27 8 21 23 86 =100-00 

B. Insoluble 52-93 1*95 0 39 16 29 1-92 26 52 =10000 

a Total 51-51 2-30 0 34 17*04 2 31 26-61 0 80 0-40 =101*31 


The soluble portion appears to be an iron olivine, mixed probably with a 
little anorthite ; the insoluble portion consists chiefly of bronzite, or, accord- 
ing to Pisani, probably hypersthene, with the specific gravity of which mineral 
that of tho meteorite more closely accords. The sulphur and tho chromium 
are, it is presumed, present as magnetic p 3 Tites and chromite ; no nickel 
whatever was detected. 

The yellowish green grains were very slightly attacked by acid, only 6 per 
cent, being soluble in that reagent. Their composition proved to be : — 


Silicic acid 

5110 

273 

Alumina 

283 


Iron protoxide 

27-70 

11*1 

Magnesia 

17-20 

3-8 


98-83 



^ F. Pisani, ‘ Conipt. Bend.’ Ixxix. 1507 ; G. A. Daubr4e, ‘ Coiupt. Bend.* Ixxix. 1509. 
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These numbers indicate, according to Pisani’s view, the presence of a hy- 
persthene rather than a bronzite, a hypersthene richer in iron than that of 
Parsund, Norway. Tho ratio of iron oxido to magnesia is the same as that 
in tho bronzites of the Hainholz, Shalka, Borkut, and several other meteorites. 

On some grains of this mineral a well-marked cleavage was distinguished 
along one direction ; in others a disposition to cleave along a second direction 
was remarked : on examining such fragments in tho polarizing microscope, 
however, one of the optic axes was almost always seen, while the other is in- 
visible. The angle of the optic axes, as measured in oil, was approximately 
determined, making 211=104°. The bisectrix is negative ; but whether it 
was the acute or obtuse bisectrix was not determined. 

This meteorite is remarkable for containing no metallic iron, and a very 
large proportion of bronzite or h 5 ^perstheiio. 

Daubree, during an examination of microscopic sections, noted many cha- 
racters which favour the assumption that the chief constituent of this meteo- 
rite is bronzite rather than hypersthene. Such are : — the absence of dichroism, 
tho frequent occurrence of tho right angle in the contour of tho crystals, and 
tho fineness of the striae, peculiar to bronzite. When magnified 800 diameters, 
most of tho crystals are found to enclose yellowish brown rarely translucent 
matter, with very varied contour, and occasionally with a crystaUine form, 
that of a modified oblique prism, which is that of pyroxene. They are ranged 
in rectilinear series, which are not always orientated parallel to the axes of 
the crystal. Here and there, adhering to the crystals, a brown vitreous sub- 
stance, which is without action on polarized light, is seen ; and in it occur 
cavities of relatively largo dimensions, closely resembling those usually found 
in basaltic rocks. The Eoda meteorite, with the single exception that it 
contains no iron, bears a great likeness to tho meteorite of Lodran (1808, 
October 1st), and establishes a new link between cosmical rocks and those 
belonging to our planet. If, says Daubree, wo were to refuse to admit tho 
testimony of those persons who affirm that they witnessed the fall of this 
fragment of rock, the characters of its crust would fully attest its cosmical 
origin. 

1872. August 31st, 5.15 a.m. (Home mean time). — Orvinio (formerly 
Canemorto), near Home. [Long. 12°36'E., lat. 42° 8'N.]^ 

A meteor was seen at daybreak by many observers in tho provinces of 
Kome, Umbria, Abruzzo, and Terra di Lavoro. At first it appeared like a 
large star of a red colour. It increased in brilliancy as it traversed the sky in a 
northerly direction, leaving a white train. At a certain point it became brilli- 
antly white, and then vanished, a luminous cloud remaining, which was visible 
for a quarter of an hour. The meteor appears to have crossed tho coast-line at a 
point near Torracina, to have passed over Piperno in a direction 7° W. of N., and, 
moving N.N.E.over Cori and Gennazzano,to have explodedover the latter town. 
After the lapse of two to throe minutes, two reports wore hoard, the first like 
that of a cannon, the second like a series of from three to six guns fired in 
rapid succession. The greater part of the stone fell at Orvinio, over which 

* A. Secchi, ‘ Comp. Rend.’ Ixxv. p. 655. — G. S. Ferrari, ‘ Ricorcho fisioo-astronomiche 
intomo all’ Uranolito caduto nel! agro Romano il 31 di Agosto, 1872. Roma • Tip Biel. 
Arti, 1873. — P. Keller, ‘Pogg, Ann.’ cl. p. 171 ; * Mineralog. Mitt.’ 1874, p. 258. — M. Le 
Chevalier Michel-Etienne de Rossi and G. Bellucci, ‘ AtLi dell’ Acc. pontif di Nuovi 
Lincei,’ 1873 — ‘ Les Mondes,’ 25th December, 1873. — L. Sipocz, ‘ Mineralog. Mitt.’ 1874, 
p. 244.— G. Tschermak, ‘ Sitz. Ak. Wiss. Wien, lix. November Heft, 1874.— These Re- 
ports, 1873, p. 384. 
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place the second explosion appears to have taken place, and some fragments 
were carried further northward. 

Six fragments of the meteorite, weighing collectively 3*396 kilogs., have 
been found : — ISTo. 1, weighing 4| grammes, fell with a hissing noise near a 
peasant at Gerano ; No. 2, weighing 92 grammes, fell at La Scarpa, within 
ten metros of a farmer, who picked it up while hot; No. 3, weighing 
622 grammes, was found two or three days after the fall a few centimetres 
below the surface, in a stubbled hold at Pczza del Mcloto, between Orvinio 
and Pozzaglia; No. 4, 1242*5 grammes in weight, was found a week after 
the fall, close to Orvinio : the grass around it had been somewhat singed ; 
No. 5, weighing 432 grammes, was picked up a week after the fall at 
Pczza del Mcleto; No. 6, weighing 1003 grammes, was found on the 8th 
of May, 200 metros distant from No. 4, at a very trifling depth, while 
turning up the soil of a field. 

At the time of the fall a man was passing the spot where fragments num- 
bered 4 and 6 wore found. Immediately after the explosion, he heard the 
sound of a heavy body striking the earth, and he fell on the ground with fear. 
At the same time, or a little later, a fire broke out in a barn filled with hay 
in the village of Affile, and the occurrence was, with general consent, ascribed 
to the meteorite. 

In September 1873 Keller learnt that two more small fragments had fallen 
near the village of Anticoli Corradi. The one fell near two boys who wore 
tending cattle. They became alarmed at the hissing imise, and believing this 
projectile to be aimed by the devil, they picked it up, and throw it far away 
from them. The other stone was observed to fall on the bare rock, and to 
break in pieces. The fragments were collected ; but as they were held to be 
of no value, they were subsequently lost. In the case of this aerolite, as in 
that of others, the smaller appear to have fallen before the larger fragments. 

The velocity of this fall must have been very slow. The authors do not 
state whether any of the fragments could be fitted together ; their specific 
gravity ranged between 3*58 and 3*73 — in one, richer in metalhc constituents, 
it amounted to 4*598. Two of the fragments bear portions of the crust lying 
in pits and hollows. It is only | millim. thick, has a pitch-black colour, and 
exhibits in some places a waxy lustre. The mass of the stone is of a lead- 
grey colour, being darker than that of the aerolites of Pultusk and Monte 
Milone. A polished surface exhibits metallic grains, some 2 millims. in dia- 
meter, and a green silicate, probably olivine. The ground-mass appears to bo 
made up of two minerals, ono clear and uniform, the other duU and less 
homogeneous. The stone acts powerfully on the magnet. 

In Perrari’s memoir is given a plan of the country near Rome, on which 
is indicated the track of the meteor and the positions where the stones fell. 
The line of flight, a singularly devious one, is seen to pass immediately over 
the summits of M. Leano, M. Sempreviso, M. Lapone, and quite near to that 
of M. Gennaro, the chief mountains of the district, and suggests (although 
obviously only by appearance) the gravitating action of these more elevated 
masses of the earth’s surface on the path of the meteor. A sketch of the 
latter, the trajectory of which is computed to have been inclined 27° to the 
plane of the horizon, accompanies the map. 

The paper of M. Le Chevalier Michel-Etienne de Rossi gives the analysis 
and observations of Prof. BoUucci, of Perugia. When heated to 120° the 
powdered mineral lost 1*875 per cent., and by treatment with water a little 
potassium and sodium chloride were dissolved. (Compare with Baubree’s 
examination of the Lance stone.) The magnet removed 29*04 per cent., 
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and acid 45*04 per cent. The analysis of a portion of the stone gave 
the following numbers: — silicic acid=46*72, alumina =16*84, magnesia 
= 1*97, iron=25*59, iron oxide (fer oa:ide)=: 4:'82, sulphur=2*24, nickel 
with trace of cobalt = 1*37, with traces of calcium, chromium, manganese, 
arsenic, and phosphorus. Two points arc worthy of remark in this analysis : 
first, the astonishingly large amount of alumina present, far in excess of that 
found in any other meteorite. In the absence of a second and confirmatory 
analysis, it may be assumed that insufficient ammonium chloride was em- 
ployed, and the greater portion of the 16*84 per cent, is magnesia, which was 
precipitated with the alumina. Secondly, the occurrence of arsenic, which 
is of extreme rarity in a meteorite ; it is stated to be present in the iron of 
Braunau and the olivine of the Atacama siderolite. 

Tschermak’s report of his examination of this stone appeared ;n the winter 
of 1874. The structure developed on cutting the stone is unusual and re- 
markable, consisting of light-coloured fragments (I.), surrounded by a compact 
dark cementing material (II.). The former are yellowish grey, enclose sphe- 
rules and particles of iron and magnetic pyrites, are, in fact, normal chon- 
drite, and resemble the mass of the stone which fell at Seres, in Macedonia 
(1818, Juno). The latter encloses numerous particles of iron and magnetic 
pyrites, for the most part uniformly distributed ; the portion nearest the en- 
closed fragments bears very distinct indications of having been at one time 
fluid, and conveys the impression that this cementing material was at one 
time in a plastic condition while in motion. Along the boundary of these two 
very dissiralar portions flaws are seen, in which nickel-iron has crystallized 
in delicate plalc-liko forms ; and here, moreover, the fragments are darker, 
harder, and more brittle than those of the centre, which argues the exposure 
of the cementing material to a very high temperature while in a plastic con- 
dition. Both portions have nearly the same density and apparently the same 
chemical composition and mineral characteristics. The Orvinio stone re- 
sembles, in fact, certain brecciated volcanic rocks, which consist of a ground- 
mass through which granular fragments of the same rock are distributed, as 
when older crystalline lavas arc interpenetrated by others more compact and 
of a more recent period. 

The light- coloured fragments are, as has been stated, chondritic ; the sphe- 
rules are usually of one kind, lying in a splintery matrix of the same mineral, 
containing some nickel-iron and magnetic pyrites. Among the transparent 
constituents, olivine is recognized by its imperfect cleavage ; a second mineral, 
with a distinct cleavage along a prism of nearly quadratic section, is evidently 
bronzite ; while a third, which occurs in fine foliated or fibrous particles, may 
be either identical with the above or be a felspathic ingredient. 

The meteoric rocks possessing chondritic structure are regarded by Tschcr- 
mak as tufas which have undergone detrition, and their spherules to be such 
particles as, by their superior toughness, have, during the trituration of the 
rock, instead of breaking up into splinters, acquired a rounded form. 

A black material is observed to coat the fragments of the rock and to fill 
the finer flaws existing between them, whereby their transparent character 
is considerably impaired ; this has also been noticed in the meteorite of Tad- 
jera (1867, June 9th). 

The dark-coloured cementing material contains two ingredients : an opaque 
semivitreous constituent, and particles in every way similar to the dark crust 
of the fragments from which they may probably have been detached ; many 
of them can still be recognized as olivine and bronzite. The nickel-iron and 
magnetic pyrites of this portion of the stone are more finely divided than 
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in the fragments, and have often a rounded form. The metal of this portion, 
as well as in the other, exhibits no Widmannstiittian figures ; but in both, by 
treatment with acid, lines are developed like those of the Braunau iron. 

The two species of rock, the chondritic fragments (I.) and the darker ce- 
menting material have the following composition : — 


Silicic acid 

I. 

. 38K)1 

ir. 

30-82 

Alumina 

. 2*22 

231 

Chromium oxide 

trace ... . 

trace 

Iron protoxide 

Gf)5 

0 41 

Magnesia 

. 2411 .. . 

2109 

Lime 

. 2 03 ... 

2-31 

Soda 

. 140 .. . 

. . 0 90 

Potash 

. 031 . .. 

. .. 0 20 

Iron 

. 22 34 .... 

. .2211 

Nickel, with trace of cobalt .... 

. 215 . . 

3-01 

Sulphur 

. 1-94 

204 


101-42 

100-95 

Specific gravity.,, 

3G75 

3-000 


These results establish the similarity in composition of the two portions, 
and, as Tschermak points out, the erroneous character of Eellucci’s analysis, 
to which attention has already been directed. 

Tschermak’s paper is illustrated with a plate, giving a figure of the meteo- 
rite ho examined ; a drawing, actual size, of the section, showing very di- 
stinctly the appearance of fusion ; and three microscopic sections, magnified 
20 diameters, of the two rock varieties composing the greater part of tho 
stone. 


Part III. Recent contributions to Aerolltlc literature, Bij A. S. IIerschel. 

In the foregoing rksunU it will be seen that the annals of meteoric falls 
increase yearly in numbers and extent, and that a leading clue to the ex- 
planation of these phenomena is presented by the frequently recorded falls 
of meteorites in every continent of the globe. The researches of Howard and 
Yauquelin, of G. Eose, Wohler, Eeichenbach, Eammelsberg, Tschermak, 
Daubree, L. Smith, and Silliman, and, returning from the first of these to our 
own countrymen, of Maskolyne and Sorby, have rendered modern mineralo- 
gists so familiar with the nature, both structural and chemical or elementary, 
of these mineral fragments scattered and imported from distant spheres to the 
surface of our globe, that the views presented by these numerous investiga- 
tions cannot fail to give a strong impulse to questions in the solution of which 
cultivators of every science must feel an interest, and promise great achieve- 
ments in the future discoveries of astronomy. Not only is a kindred character 
met with among the fragments occurring thus problematically for examination, 
but again this type itself is kindred to that of materials which are substances 
of familiar occurrence in terrestrial rocks, and tho majority of stony 
meteorites are themselves tufacoous or brecciated masses of obviously volcanic 
production. That they enclose metallic iron and nickel, and that they some- 
times consist of those metals in a solid mass, is not a complete anomaly even 
in teiTestrial geology, if the inquiries in course of prosecution on the sites of 
discovery of the irons of Pallas and Ovifak, supposed to be meteoric, should 
(as appears probable) bear out a different conclusion. But in the progress 
of chemical and microscopical inspections of their substance, numerous 
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peculiarities are perceived in meteorites which, as strongly as the preva* 
lence of metallic ingredients, contribute to distinguish them from terres- 
trial volcanic rocks. The early detection of olivine, and the separation of 
augite and (?) labradorite or aDorthito(a felspar), in the meteorite of Juvinaa, 
succeeded more recently by the distinction of enstaiite and olivine as the 
major constituents of stony meteorites, and finally (steps which we owe to the 
chemical separation and skilful detection of these minerals by Maskelyno 
with the polarizing microscope) the recognition of enstatite and its ferro- 
raagnesian variety bronzite as the usual representatives of the insoluble,” 
combined with the basic mineral olivine as the ‘‘ soluble ” silicate entering into 
their ordinary composition, forms the substructure upon which the chemical 
analogy of their composition with terrestrial basalts in the many varieties 
which are met With among the class of stony meteorites is at present based. 
A system of structural classification according to the amount and mode of 
dissemination of the metallic iron, devised by Daubree for the totality of 
meteorites, and the distinction of “ chondritic ” structure in aerolites or in 
the stony portions of a great number of meteorites by Keichenbach, forms, on 
the other hand, a ground-plan upon which their mineralogical description and 
microscopical examination arc conducted, — all aerolites and stony parts of 
meteorites (with exception, perhaps, more or less, of the carbonaceous 
aerolites) not of this description consisting in general of finely brecciated, 
splintered and shapeless, cemented or otherwise consolidated crystalline 
fragments, those aerolites being termed chondritic which enclose scattered 
through their mass a number of rounded grains or spherules. To these 
ordinary characters of structure and composition many subordinate features 
are also frequently superadded, as the presence of graphite, troilite, and mag- 
netic pyrites, magnetite, chromite, schreibersitc, and of some rarer but equally 
distinct minerals, as azmanite, oldhamitc, &c,, and of gases occluded in the 
metallic portions of the stones ; and, again, the crystalline structure of the 
latter portions, as exhibited in Widmanstattian figures by etching their cleanly 
polished surfaces with mercuric chloride or with dilute acids, together with 
the vitreous or crystalline characters of the spheres or fragments and of the 
cement composing the non-metallic portions of the meteorite, in the detection 
of which thin sections of it are employed, and both the microscope and its 
powerful auxiliary polarized light lend important aid. In all those methods 
of interrogation and of systematic description great progress has recently been 
made, to describe at length the various results of which would here occupy 
too large a space. The subject has been ably handled by Dr. Plight in a 
series of articles in the ‘ Geological Magazine ’ of the present year (January- 
August, 1875), and more than a reference to its copious information in a 
fifteen years’ recapitulation of the united progress of similar investigations 
need not be offered in this Eeport as a siifficient recommendation for its perusal. 
As a separate treatise on the subject to which its further Parts are intended 
to contribute, it may be indicated as the source in which, since the close in 
the year 1860 of Dr. Buchner’s chronological work on ‘ Meteorites,’ students 
of this department of science (at least in the English language) will find the 
readiest assistance for their information and guidance in the recent abundant 
development of these inquiries. 

In the valuable recently commenced Annual Record of contemporary papers 
bearing on the progress of Geology, the first volume of which is announced at 
the present Meeting of the British Association as being nearly completed 
and ready for immediate publication, the Committee has also the grati- 
fication to observe, in the Section devoted to Petrology, a copious abstract, 
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chiefly from the pen of Dr. Flight*, of analyses and mineralogical examina- 
tions during the past year of a great number and variety of meteoric products. 
In addition to those above described of the meteorites of Orvinio, Roda, 
Lodran, Ad arc, and of several meteoric irons, the leading particulars of which 
are given, some recent observations by Nordenskjold on snow-dust gathered 
from the neves of various climates are noticed, with its probable relation to 
meteor-dust in the atmosphere and to the blue colour of glacier-ice. The 
whole of these short abstracts, occupying several pages of the printed volume, 
are full of concise and useful information on the advance and progress which 
have been made jn the various departments of meteoric mineralogy during 
the brief interval of the past year. 

A speculative paper on the origin of meteorites by Dr. G, Tschermakt 
expresses very clearly the author’s \dews on the present aspects of knowledge 
regarding their history, and presents a number of imjiortant remarks on their 
formation. The spectroscope has confirmed the earlier conjectures, derived 
from a study of meteorites, of a prevailing similarity of materials in the che- 
mical elements of the heavenly bodies ; and from the forms of meteorites it may 
be expected that a knowledge of the processes to which they have been sub- 
jected may be derived. Apart from their minute internal structure, it is 
certain that externally they are acutely angular fragments, evidently of a 
large planetary mass, and (as shown by the crystalline structure of meteoric 
irons and by sliding faces in some aerolites) of a large cosmical body where 
uniform temperature and long periods of tranquillity have prevailed. Their 
internal structure, exactly analogous to that of our volcanic tufas, is another 
evidence of the same conclusion ; and Daubree regards collisions or explosions 
of such large cosmical bodies as the origin from which they sprang. But as 
their proportions are always diminutive or dust-like in comparison to the parent- 
bodies, explosive rather than disruptive ageneies, or projectile forces acting 
from within outwards locally upon the bodies, appear to have ushered their 
ejected fragments into cosmical revolutions. With regard to their internal 
structure, a further acquaintance with these star-masses ” before their dis- 
integration is aflbrded to us by a close examination. Their porous materials, 
made up of pulverized rocks, were correctly pronounced by Haidinger to be 
volcanic products, which may be characterized as meteoric tuffs. Bpherular 
forms are of widely spread occurrence among their triturated grains, quite 
round and unconformably crystallized with regard to their figure, when the 
materials are tough, and varying in size from microscopic dust to that of small 
bird-shot or millet- seeds ; round fragments as large as a cherry are of rare 
occurrence ; but in the volcanic rocks of our globe they ordinarily occur in 
sizes vaiynng from that of a hazel-nut to that of a bead. Numberless small 
volcanic fissures, it may be conjectured, contribute to their ejection ; and in no 
meteorites do we trace the appearance of slag-like rock enclosing well-deve- 
loped crystals which their formation from lava would lead us to expect. An 
example of a true crater of explosion without ejection of lava is furnished by 
the Eifol ; and in planetary bodies, where evolutions of occluded gases play a 
prominent part in the disturbances of the surface, the projection of such frag- 
ments as we find in meteorites from active volcanic craters may not be an 
unnatural or altogether improbable hypothesis of the kind of action of phy- 
sical forces concerned in their formation. 

* ‘ The Geological Record for 1874 • an account of Works on Geology, Mineralo^, and 
PalfiBontology published during the Year.’ Article “ Petrology,” p. 216. London : Taylor 
and Francis, 1875. 

t “ Die Bildung der Meteoriten, und dcr Vulkanismus,” Vienna Acad. Sitzungsberichte, 
1875, pt. ii. April 1875. 
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In the ‘ Astronomisolle Nachrichten ’ (No. 2064), Herr N. v. Konkoly de- 
scribes results of some spectroscopic observations of the PeraoVds of August 
1874, examined by means of a Browning^s meteor- spectroscope. The spectra 
of 130 meteors on the nights of the 7th, 8ih, and 1 0 th to 1 2 th of August, vary- 
ing in brightness from 1st to 4th magnitude stars, showed continuous colours, 
yellow and green predominating chiefly in all the nuclei, violet being always 
and indigo mostly absent, and red only bright in those which were markedly 
red-coloured. The spectra of the streaks were very various, those of di- 
stinctly yellow meteors showing only the double yellow lino of sodium (always 
present in the streaks, and serving as a micrometric zero from which the 
positions of the other bright lines could be relatively estimated). In the streak- 
spectra of green meteors the green lines of magnesium were also visible ; and 
in some of red colour red lines, apparently those of strontium, or of strontium 
and lithium, were observed. Some of these meteors were brighter than 
Venus, and left streaks which lasted for 30 or 40 seconds. The streak of one 
which remained visible for 156 seconds was observed with the spectroscope 
for 30 seconds. Not only the bright lines of sodium and magnesium, but 
many other bright lines, especially in the green, and some also in the blue, 
were seen, which were regarded as probably due to the presence of iron and 
copper in the substance of the streak ; a cotton-ball dipped in alcohol and in- 
flamed, having particles of sodium, magnesium, and iron with very little copper 
in its fibres, exhibited, when tossed into the air, a very similar spectrum, while 
no other combination tried produced a similar effect. 

The following important paper by Dr. G. Tschermak on the meteorites of 
Lance (1872, July 23rd) in the fifth volume (pt. i. Jan. 1875) of his ‘Minera- 
logische Mittheilungen,’ shows that (as was found by Danbree in the meteorites 
of Aumale, 1865, Aug. 25th) aerolites that fell about the period of the August 
meteor-shower have more than once presented the rare occurrence of sodium 
chloride in their composition. Tho appearance and general course pursued 
by this fireball is described with unusual completeness in a work by M. 
Nouel*, of Yendome, in the neighbourhood of which town the meteorites fell ; 
and the fireball was very generally observed. 

Dr. Tschermak’s paper treats of the chemical analysis and of the micro- 
scopic examination of thin sections of the stone ; and besides eleven admi- 
rable lithographic representations of the latter, it contains three plates of the 
external appearance of the largest of the stones (found in three pieces at the 
bottom of a hole 14 metro deep) from different points of view, the directions 
of the slag-fibres on its crust showing clearly how tho fi’ont or pyramidal 
part and back or flattened base of the stone had been differently exposed to 
the rushing and smelting blast of heated air through which it forced its way 
point foremost with apparently only one or two slight oscillations. The draw- 
ings of thin sections exhibit microscopic views of spherules of great variety, 
of a clear olivine crystal, and of one {(he only unrounded one observed) of 
bronzite. Among the spherules a remarkable one of bronzite is immediately 
recognized by the numberless cleavages and cross cleavages exhibited by its 
structurally prismatic crystal. Other spherules are of transparent olivine with- 
out radial structure ; and some are of highly composite characters, appearing 
occasionally to have been incrusted or metamorphosed externally and con- 
centrically to a certain depth, but found by polarized light to possess only 
apparent radial and in reality excentrical crystalline structure when sub- 

* Notice sur le bolide du 23 Juillefc 1872 qui a projet4 des meteorites dans le canton 
de St.-Amand, arrondissement de Vendome, d^partemeut de Loire-et-Cher, par M, Nouel. 
Yendome, 1873. 
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mitted to this test. The spherules do not exceed 1 millim. in diameter. Iron 
and iron sulphide are disseminated through both the spherules and pulverized 
ground mass, the latter compound sometimes forming grains and spherules 
about which metallic iron has incriisted, and conversely ; and the general 
character of the meteorites is that of the minutely chondritic class. 

Water dissolves out from the stones 0*12 per cent, of sodium chloride, which 
can also be sublimed from them in a hydrogen atmosphere at a red heat ; and 
the presence of a trace of copper can be detected by the aid of a spectroscope. 
Besides metallic grains of iron (7*81 per cent.) containing nickel and cobalt 
and iron pyrites (14*28 per cent., no troilite or iron monosulphide, it appears, 
occurring in this aerolite), and 1*36 percent, of sodic chloride and hygroscopic 
water, there was found 42*44 per cent, of silicates soluble, and 33*34 per 
cent, insoluble (probably including chromite) in hydrochloric acid ; total (with 
loss 0*GG per cent.) 100. Of the latter silicate or bronzite no analysis is given ; 
])ut of the solulde silicate the following was the composition : — 

8iO.^. MgO. EeO. MnO. Total. 

17*20 13-8G 11*33 0*05 42*44 

and no traces of calcium, barium, or strontium were detected in the stone. 
A ])crfectly similar chemical analysis of the same meteorite by Dr. R. von 
Drasche is added by Von Tscliermak to the above account of its mineral o- 
gical examination and description. 


On the Analytical Forms called Trees, with Application to the Theory 
of Chemical Combinations. By Professor Cayley, F.R.S. 

[Pj.ate yiii.j 

1 UAVn in two papers “ On the Analytical forms called Trees,” Phil. Mag. 
vol. xiii. (1857) pp. 172-1 7G, and ditto, vol. xx. (18G0) pp. 337--34], con- 
sidered this theory, and in a paper “ On the Mathematical Theory of Isomers,” 
ditto, vol. xlvii. (1874) p, 444, pointed out its connexion with modern che- 
mical theory. In particular as regards the paratfines atoms 

of carbon connected by n—l bands, under the restriction that from each 
carbon-atom there proceed at most 4 bands (or, in the language of the papers 
first referred to, we have qi knots connected by — 1 branches), in the form 
of a tree ; for instance, n = 5, such forms (and the only such forms) aie 
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An d if (under the foregoing restriction of only 4 bands from a carbon- atom) 
•we connect with each carbon-atom the greatest possible number of hydrogen- 
atoms (as shown in the diagrams by the affixed numerals), we see that the 
number of hydrogen-atoms is 12 (=2*5+2), and we have thus the repre- 
sentations of three different paraffines, It should be observed that 

the tree-symbol of the paraffine is completely determined by means of the 
tree formed with the carbon-atoms, or say of the carbon-tree, and that the 
question of the determination of the theoretic number of the paraffines 
C„ 1 ^ 2 n ^2 is consequently that of the determination of the number of the car- 
bon-trees of n knots, viz. the number of trees with n knots, subject to the 
condition that the number of branches from each knot is at most =4. 

In the paper of 1857 (which contains no application to chemical theory) 
the number of branches from a knot was unlimited ; and moreover the trees 
were considered as issuing each from one knot taken as a root, so that, n=5^ 
the trees regarded as distinct (instead of being as above only 3) wore in all 
9, viz. those were 



which, regarded as issuing from the bottom knots, arc in fact distinct ; while 
taking them as issuing each from a properly selected knot, they resolve 
themselves into the above-mentioned 3 forms. The jiroblem considered 
was in fact that of the ‘^general root- trees with knots’' — general^ inas- 
much as the number of branches from a knot was without limit ; root-tf^ecs, 
inasmuch as the enumeration was made on the princiidc last referred to. It 
was found that for 

knots 1 2 3 4 5 G 7 8 . . . . 

No. of trees was. . 1 1 2 4 9 20 48 115.... 

= 1 A, A, A, A, A, A, A,.... 

the law being given by the equation 

(1-07)-“^ (l-a7')-'^2(l~a’'r^'’ . . . 

= l + Ajir+A,a7'+A3crHA,.r^+ . . 

hut the next following numbers A^, A„, A,(,, the correct values of which are 
280, 719, 1842, were given erroneously as 300, 775, 2009. I have since 
calculated two more terms, A^j, Aj2s=47G6, 12480. 

The other questions considered in the paper of 1857 and in that of 1860 
have less immediate connexion with the present paper, but for completeness 
1 reproduce the results in a Note*. 

* In the paper of 1857 I also considered the problem of finding B,. the number with r 
free branches, bifurcations at least ; this was given by a like formula— 
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To count the trees on the principle first referred to, we require the notions 
of “ centre ’’ and “ bicentre,” due, I believe, to Sylvester ; and to establish 
these we require the notions of “main branch” and “altitude” : viz. in a 
tree, selecting any knot at pleasure as a root, the branches which issue from 
the root, each with all the branches that belong to it, are the main branches, 
and the distance of the furthest knot, measured by the number of interme- 



diate branches, is the altitude of the main branch. Thus in the left-hand 
figure, taking A as the root, there are 3 main brariches of the altitudes 3, 3, 1 
respectively : in tlic right-hand figuie, taking A as the root, there are 4 
main branches of the altitudes 2, 2, 1 , .3 respectively ; and wo have then the 
theorem that in every tree there is eitlier one and only one centre, or else 
one and only one bicentre ; \uz. we have (as in the left-hand figure) a centre 
A which is such that there issue from it two or more main branches of alti- 


(l-a;)“i (] (1 - (1 . =] +^-f2B,a'H2B,a^8+2B4ar4 . . 

leading to 

B,= 1, 2, 5, 12, ya, DO, 

for r= 2, 3, 4, 5. (>, 7, .... 

Ill the pnjior of 1800, the question is to find the number of trees with a given number 
m of terminal knots we liave here 

, 1 

<pm=l . 2 . 3 I ) cocfTicieni ^ in 


giving the values 

<bm^ 1, 1, 3, 13, 7r>, 541, 4G83, 4721)3 

form= 1, 2, 3, 4, 5, 6, 7, 8, . . . . 

But if from eacli uon-t^rmmal knot there ascend two and only two branches, then in this 

1 — V] —4x 


case 0m = eoetTicient 


" 2 ^ 


VIZ. we have the very simple form 


(}im == ' 


1 3.5 .2m --3 
1 .2.3... m 




giving 0m = 1, 1, 2, 5, 14, 42, . , 

for m= 1, 2, 3, 4, 5, 7, . . 
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tudes equal to each other and superior to those of the other main branches 
(if any); or else (as in the right-hand figure) a bicentre AB, viz. two contigu- 
ous knots, such that issuing from A (but not counting AB), and issuing from 
B (but not counting BA), wo have two or more main branches, one at least 
from A and one at least from B, of altitudes equal to each other and superior 
to those of the other main branches in question (if any). The theorem once 
understood, is proved without difficulty ; wo consider two terminal knots, 
the distance of which, measured by the number of intermediate branches, is 
greater than or equal to that of any other two terminal knots ; if, as in the 
left-hand figure, the distance is even, then the central knot A is the centre 
of the tree ; if, as in the right-hand figure, the distance is odd, then the two 
central knots AB form the bicentro of the tree. 

In the former case, observe that if G, II arc the two terminal knots, Iho 
distance of which is =2X, then the distance of each from A is = \, and there 
cannot be any other terminal knot I, the distance of which from A is greater 
than X (for if there were, then the distance of 1 from G or else from II would 
bo greater than 2X) ; there cannot he any two terminal knots I, J, the dis- 
tince of which is greater than 2X ; and if there arc any t wo knots I, I, the 
distance of which is =2X, tlion these belong to different main branches, the 
distance of each of them from A being =X ; whence, starting with I, J (in- 
stead of G, H), we obtain the same point A as centre. (Similarly in the 
latter case there is a single bicentre AB. 

Hence, since in any tree there is a unique centre or biccntj'o, the question 
of finding the number of distinct trees with n knots is in fact that of finding 
the number of centre- and bicentre-trccs u ith n knots ; or say it is the problem 
of tho “general centre- and bicentre-trccs with n knots:” (jcneral^ inasmuch 
as the number of branches from a knot is as yet taken to be without limit ; 
or since (as will appear) the number of the bicciiire-trecs can he obtained 
without difficulty when the problem of the root-trees is solved, the jiroblem 
is that of tho “general cciitrc-trcos with v knots.” It will ajqicar that the 
solution depends upon and is very readily deiived from tlial of tho foregoing 
problem of general root-trees, so that this last has to he considered, not 
only for its own sake, but with a view to that of tlie centre-trees. And in 
each of tho two problems we douhl)* divide the whole system of trees 
according to the niinibcr of the mam brandies (issuing from the root or centre 
as the case may he), and according to the altitude of the longest main branch 
or branches, or say the altitude of tho tree ; so that, the problem really is, for 
a given number of knots, a given number of main branches, and a given 
altitude, to find the number of root -trees, or (as the case may be) centre- 
trees. 

We next introduce the restriction that the number of branches from any 
knot is equal to a given number at most ; viz. according as this number is 
=2, 3 or 4, ivo have, say oxygon-trees, boron- trees ♦, and carbon-trees re- 
spectively ; and those arc as before root-trees or centre- or bicentre-trccs, as 
the case may be. The ease where tlic number is 2 presents no difficulty : in 
fact if the number of knots be =/?, then tho number of root- trees is either 
j (ji-f-I) or ; viz. w=3 and /? = 4, the root-trees are 


♦ I should have said uitrogeu-ti’ees ; but it appears to rue that nitrogen is of iiecessity 
5-valent, as shown by the compound, Amraonium-Chloride, =NH 4 Cl* of course the wore! 
boron is used simply to stand for a S-valent element 
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and the number of centre- or bicentre-trecs is al\vays=l : viz. n odd, there is 
one centre-tree ; and n even, one biccntre-trcc ; it is only considered as a par- 
ticular case of the general theorem. The case where the number is =3 is ana- 
lytically interesting : although there may not exist, for any 3-valent element, 
a scries of hydrogen compounds corresponding to the ])araffines. The 

case where the number is =4, or say the carbon-trees, is that which pre- 
sents the chief chemical iiit crest, as giving the paraffines C„ H 2 „ 42 ; and I call 
to mind here that the theory of the car])on-root trees is established as an 
analytical result for its own sake and as the foundation for the other case, 
but that it is the number of the carbon centre- and bicentre- trees which is 
the number of the paraffines. 

The theory extends to the case where the number of ])ranchcs from a knot 
is at most = 5, or = any larger number ; but 1 have not developed the 
formula. 

I pass now to the analytical theory : considering first the case of gcniral 
root-trees, wo endeavour to find for a given altitude N the number of trees 
of a given number of knots n and main branches a, or say the generating 
function 

where the coefficient O gives the number of the trees in question. And we 
assume that the problem is solved for the cases of the several inferior alti- 
tudes 0, 1, 2, 3 ... N-1. 

This being so, observe that a tree of altitude N can be built up as shown 



in the figure (which I call the edification diagram), by combining one 
or more trees of altitude N — 1 with a single tree of altitude not 
exceeding N — 1 ; viz. in the figure, N = 3, wo have the two trees 
a, 6, each of altitude 2, combined (as shown by the dotted lines) with 
the tree c of altitude 1 : the whole number of knots in the resulting tree is 
the sum of the number of knots on the three trees a, />, c : the number of 
main branches is equal to the number of the trees a, h, plus the number of 
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main branches of the tree c. It is to be observed that the tree c may reduce 
itself to the tree (.) of one knot and of altitude zero ; but each of the trees 
a, b, as being of the altitude N— 1, must contain at least N knots. 

Taking N=2 or any larger number, it is hence easy to see that the re- 
quired generating function is 

=(l— (l— p j (first factor), 

-f [ty fyv^ f\ + . . . (second factor), 

where, as regards the first factor, the exponents taken with reversed sign, that 
is as positive, are 1 =no. of trees, altitude N -- 1 , of N knots ; = ditto, same alti- 
tude, of (N-h 1) knots ; ditto, same allAtudc, of N -1- 2 knots, and so on ; and 

where the symbol “ | denotes that in the function or jiroduct of factors 
which precedes it, the terms to be taken account of are those in f, f ; 
viz. that the term in or constant term ( =1 in fact), is to bo rejected. 

In the second factor the expressions (t, ^-).r-\ . . . represent (for given 

exponents of ic, denoting the number of main branches and tlie number of 
knots respectively) the number of trees of altitude not exceeding N — 1 : thus 
represents the number of such trees, 1 knot, 0 main branch, 
= 1 ; and so if the value of {t, t'\ t \ be then for 

trees of an altitude not exceeding N — 1 , and of 5 knots, a represents the 
number of trees of 1 main branch, ft that of trees of 2 main branches, y that 
of trees of 3 main branches, c that of trees of 4 main branches, lb is clear 
that the number of trees satisfying the given conditions and of aii altitude not 
exceeding N — 1 is at once obtained by addition of the numbers of the trees 
satisfying the given conditions, and of ihe altitudes 0, 1,2 . . . N— 1 ; all 
which numbers are taken to bo known. 

It is to bo remarEod that the first; factor, 

(1 . . [ft •»], 

shows by its development the number of combinations of trees g, 6 . . of the 
altitude N— 1 ; one such tree at least must be taken, and the symbol [t^ •*] 
gives effect to this condition : the second factor . . shows 

the number of the trees c of altitude not oxeeodiiig N — 1. And tliis being 
so, there is no difficulty in seeing liow the product of the two factors is the 
generating function for the trees of altitude N. 

In the case N=0, the generating function, or GF, is =x ; viz. altitude 0, 
there is only the tree (.) 1 knot, 0 main branch. 

1^=1, the GP is=(l— . . . , 

viz. altitude 1, there is 1 tree tv^, 2 knots, 1 main branch ; 1 tree fx'", 3 knots, 
2 main branches ; and so on. 

Hence N=:2, we obtain 

. . . [^'•••“].(.r4-^^^’H<V+^V....); 

viz. as regards the second factor, altitude not exceeding 1, that is =0 or 1, 
there is altitude 0, 1 tree a?, and altitude 1, 1 tree 1 tree and soon. 
And we hence derive the GF's for the higher values ^=3, 4, <fe:c. : the de- 
tails of the process will be afterwards more fully explained. 
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So far we have considered root-trees ; but referring to the last diagram, it 
is at once seen that the assumed root will be a centre, provided only that 
(instead of, it may be, only a single tree a of the altitude N~l), we take 
always two or more trees of the altitude K—1 to form the new tree of the 
altitude 'N. And we give effect to this condition by simply writing in place 
of ®] the new symbol [^^*“*], which denotes that only the terms 
f, f, . are to be taken acconnt of ; viz. that the terms in f and are to 
be rejected. The component trees of the altitude N— 1 arc, it is to be ob- 
served, as before, root-trees ; hence the second factor of the generating func- 
tion is unaltered : the theorem is that for the centre-trees of altitude N we 
have the same generating function as for the root-trees, writing only 
in place of ®]. Or, what is the same thing, supposing that the. first 
factor, unaftected by either symbol, is 

= 1 -j- (at pt (a 

then affecting it with [if* • • ®] the value for the root- trees is 

+ . . . )-|- , . , 
and affecting it with * ®] the value for the centre-trees is 

It thus appears how the fundamental problem is that of the root-trees, its 
solution giving at once that of the centre- trees ; whereas wo cannot conversely 
solve the problem of the root-trees by means of that of the ccntro-trocs. 

As regards the biecntre -trees, it is to bo remarked that starting from a 
centre-tree of altitude Is" -f 1 with two main branches, then by simply striking 
out the centre, so as to convert into a single branch the tw’o branches which 
issue from it, we obtain a bicentre-tree of altitude N. Observe that the alti- 
tude of a bicentro-tree is measured by that of the longest main branch from 
A or B, not reckoning AB or BA as a main branch. Hence the number of 
bicentre -trees, altitude N, is = number of centre- trees of two main branches, 
altitude IN' 4-1. 

This is in fact the convenient formula, provided only the number of centre- 
trees of two main branches has been calculated up to the altitude N 4“ 1 ; but 
we can find independently the number of bicentre-trees of a given altitude IST : 
the bicentre-tree is in fact formed by taking the two connected points A, B 
each as the root of a root-tree altitude N (the number of knots of the bicentre- 
tree being thus, it is clear, equal to the sum of the numbers of knots of the 
two root-trees respectively) ; and it is thus an (3asy problem of combinations 
to find the number of bicentr e-trees of a given altitude N. Write 

( 1 4-/3a74-y.r^4-2^ri'+ . . . ) 

as the generating function of the root-trees of altitude N ; viz. for such trees, 
l=cno. of trees with hT-fl knots, /3=no. with N4-2 knots, and so on; 
then the generating function of the bicentre-trees of the same altitude H is 
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/ 5 ,=/ 3 . 

y,=y+|/3(/5+l), 

^,=^+/^y! 

€,=e+/5^H- ^>-( 7 + 1)1 
f=^+/3e + yS, 

and so on ; or, what is the same thing, calling the first generating function (juv, 
then the second generating function is 

It will be noticed that the hicentre-trccs are not (as wTre the centre-trees) 
divided according to the number of their main branches ; they might be thus 
divided according to the sum of the number of the main branches issuing from 
the two points of the bi centre respectively ; a more complete division w^ould 
be according to the number of main lu'anehes issuing from the two points 
respectively ; thus wc might consider the bicentre-trees (2, 3) with 2 mam 
branches from one point, and 3 main branches from the other point of the 
bicentre ; but the whole theory of the bicentre-trees is comparatively easy, 
and I do not go into it further. 

"We have yet to consider the case of the limited trees where the number of 
branches from a knot is equal to a given number at most : to fix the ideas, 
say the carbon-trccs, where this number is =4. The distinction as to root- 
trees and centre- and biccntre-trecs is as before, and the like theory applies 
to the two cases respectively. Considering first the case of the root-trees, 
and referring to the former figure for obtaining the trees of altitude N from 
those of inferior altitudes, then the trees u, ?> . . . of altitude N— 1 must bo 
each of them a carbon-tree of not more than (4 — 1=) 3 main branches : this 
restriction is necessary, inasmuch as if for any such tree the number of main 
branches was =4, then there would be from the root of such tree 4 branches 
^liis the new branch shown by the dotted line, in all 5 branches ; and simi- 
larly, inasmuch as there is at least one component tree a contributing one 
main branch, the number of main branches of the tree c must be (4—1 = ) 3 
at most : the mode of introducing these conditions will appear in the expla- 
nation of the actual formation of the generating functions [sec explanation 
preceding Tables III., IV., <S:c.J. The number of main branches is =4 at 
most, and the generating functions have only to be taken up to the terms in 
; the first factor is consequently in each case affected with a symbol - 
denoting that the only terms to be taken account of are those in f, ; 
hence as there is a factor t at least, and the whole is required only up to 
the second factor is in each case required only up to t\ 

As regards the centre-trees, the generating functions have here the same 
expressions as for fho root- trees, except that instead of the symbol 
we have the symbol denoting that in the first factor the only terms 

to bo taken account of arc those in f, ; hence as there is a factor f at 
least, and the whole is required only up to t\ the second factor is in each case 
required up to ; and we then complete the theory by obtaining the bi- 
centre-trees. The like remarks apply of course to the boron-trees, number 
of branches =3 at most, and to the oxygen- trees, number =2 at most ; but, 
as already remarked, this last case is so simple, that the general method is 
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applied to it only for the sake of seeing what the general method becomes in 
such an extreme case. 

We thus form the Tables, which I proceed to explain. 

Table I. of general root-trees is in fact a Table of triple entry, viz. it gives 
for any given number of knots from 1 to 13 the number of root- trees cor- 
responding to any given number of main branches and to any given altitude. 
Ill each compartment, that is for any given number of knots, the totals of the 
columns give the number of the trees for each given altitude, and the totals 
of the lines give the number of the trees for each given number of main 
branches ; the comer grand totals of these totals respectively show for each 
given number of knots the whole number of root- trees : — 

viz. knots .... 1 2 3 4 5 G 7 8 9 10 11 12 13 

numbers are.. 1 1 2 4 9 20 48 116 280 719 1842 4766 12486 

as already mentioned, and which numbers were calculated by an independent 
method. 

Table II. of general centre- and bicontrc-trccs consists of a centre part and 
a bicentre part: the centre part is arranged precisely in the same manner as 
the root-table. As to the bicentre part, where it will be observed there is no 
division for number of main branches, the calculation of the several columns 
is effected by the before-mentioned formula, 

thus column 2, wc have by Table I. (totals of column 2) 

and thence 

As already mentioned, Table I. is calculated each column by means of a 
generating function given as a product of two factors, each of which is ob- 
tained from the columns which precede the column in question ; and Table II., 
the centre part of it, is calculated by means of the same generating functions 
slightly modified : these generating functions serving for the calculation of 
the two Tables are given in the table entitled “ Subsidiary Table for the cal- 
culation of the GE's of Tables I. and II.,” which immediately follows these 
two Tables, and will be further explained. 
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Altitude or number of column. 
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I proceed to explain the Subsidiary Table, first in its application to 
Table I. 

The Subsidiary Table is divided into sections, giving the GF’s of the suc- 
cessive columns of Table I., each section being given by means of the pre- 
ceding columns of Table I. ; for instance, that for column 3 by means of 
columns 0, 1, 2 of Table I. 

As regards column 0, the Table shows that the GF is =a?. 

As regards column 1, that the GF has a first factor, 

=(!)-{- . . . , 

which is operated on by the symbol “j, viz. the constant term (1) is to 
be rejected ; and that it has a second factor, the product of these, viz. 

. . .)x.r, is the required GF, the coefficients of which are ac- 
cordingly given in column 1 of Table I. 

As regards column 2, it shows that the GF has a first factor, 

(1 

whore the indices — -1 , — 1, — 1 . . . are the sums of the numbers in column 1, 
Table I., which first factor is 

^ r t \ a?'* -f . . . 

(and it is as before to be operated on with * •*], viz. the constant term is to 
be rejected) ; and further, that there is a second factor = . . ., 

the coefficients of which are obtained by summation of the numbers in the 
several lines of columns 0, 1 of Table I. We have thence column 2 of 
Table I. 

As regards column 3, if. shows that the GF has a first factor, 

whore the indices — 1, •— 2, —4 . . are the sums of the numbers in column 2 
of Table I., which first factor is 

W) 

(and it is as before to bo operated on with ®], viz, the constant term is 
to be rejected) ; and that there is a second factor 

+ t / t \ 

{+'■) (:::) 

the coefficients of which are obtained by summation of the numbers in the 
several lines of columns 0, 1, 2 of Table I, : we have thence column 3 of 
Table I. 

And similarly, by means of columns 0, 1, 2, 3 of Table I., we form the 
GF of column 4 ; that is, we obtain column 4 of Table I., and so on in- 
definitely. 

To apply the Subsidiary Table to the calculation of the GF^s of Table II., 



ON THE ANALYTICAL FORMS CALLED TREES. 283 

the only diflference is that the first factors are to be taken without the terms 
in' : thus for Table II. column 3, the first factor of the GF 

=(V+2f“ a-’+Tf* 


the second factor being as for Table I. 

=,r+«,r-+/ t Y^’+iSrc. 

i + «V 

The remaining Tables arc Tables III. and lY., oxygen root- trees and 
centre- and bieentre -trees, followed by a Sul)sidiary Table for the calculation 
of the GF’s : Tables Y. and Yl., boron root-trees and centre- and bicentre- 
trees, followed by a Subsidiary Table ; and Tables YII. and YIIl., carbon 
root-trees and centre- and biccntrc-trccSj followed by a Subsidiary Table. The 
explanations given as to Tables I., II. and the Subsidiary Table apply 
mutatis mutandis to these ; and but little further explanation is required : 
that given in regard to the Subsidiary Table of Tables III. and lY. shows how 
this limiting case comes under the general method. As io the Subsidiary of 
Tables Y. and YI., it is to be observed that each^ lino of the Table is calcu- 
lated from a column of Table Y., rejecting the numbers which belong to f ; 
thus Table Y., column 4, the numbers are 

13 5 7 8 9... 

] 4 10 21 3C) 

V 1 4 11 2G; 

and taking the sums for the firsl- and second lines only, these are 

1, 4, 9, 17, 29, 45..., 

which, taken with a negative sign, are the numbers of the line *GF, column 5. 

And so as to the Subsidiary of Tables YII. and YIII., each * lino of the 
Table is calculated from a column of Table YII., rejecting the numbers which 
belong to thus Table YII., column 4, the numbers are 

1 3 8 15 27 43 . . . 

1 4 13 33 74 . 

f 1 4 14 38 

1 4 14; 

and taking the sums for the first, second, and third lines only, these are 
1, 4, 13, 32, 74, 155 . . ., 

which, taken with a negative sign, are the numbers of the line *GF, column 5. 

Eeferring to the foregoing Edification Diagram,” the effect is that we 
thus introduce the conditions that in a boron-tree the number of component 
trees a, 6, . . is at most (3—1 = )2 and that in a carbon- tree the number of 
component trees a, h, . , is at most (4—1 =)3. 
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Second factor. 



Subsidiary Table for GF’s of Tables YU. and YIII, (eontinui 
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1 

First factor. 

Second factor. 

QF, column 8, 

First factor. 

Second^f act or. 

GF, column 9, 

First factor. 

Second factor. 

Cm 

0 

s 

Vi 

rH 

00 

1 

7 


1638 

2304: 

1402 

g 

CO 

7 


^co o 

04 rH 

t' 

lO 
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Op Cj iO 
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!■- 
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0 
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8 
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OD 

00 
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CO CO 04 

S22 

X 
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Oi 

00 

S 

1 

S 

a3x? 

1 

7 


00 01 0 
o5 X 

rH 

1 

- 
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Ci CO l'* 

CO CO T-H 

CO 

1 
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C5 CO I- 
CO CO' r-H 


CO 
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242 i GP, column 10. 


ON THE ANALYTICAL FOBMS CALLED TREES. 


303 



804 REPORT — 1875 . 

I annex the following two Tables of (centre- and bicentre-) trees as far as I 
have completed them. 


Table A. 


Knots. 

Valency not greater than 

Gen. 

0 

1 

> 2 
Oxygen. 

3 

Boron. 

4 

Carbon. 

5 

G 

7 

8 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 i 

2 


1 

1 

1 

1 

1 

1 

1 

1 

1 

3 


1 

1 

1 

1 

1 

1 

1 

1 

4 



1 

2 

2 

2 

2 

2 

2 

2 ! 

6 



1 

2 

3 

o 

o 

3 

3 

3 

3 i 

6 



1 

4 

5 



(5 

() 

G 

7 



1 

G 

9 

10 

11 

11 

11 

11 1 

8 



1 

11 

18 

21 

22 

''“2^ 

23 

23 

9 

t 


1 

18 

35 

42 

45 

4G 

47 1 

47 1 

10 


1 

1 

37 

75 




1 

lOG 

11 


i 

! 

1 

GG 

159 





235 1 

12 



1 

135 

357 





551 I 

13 i 

1 

1 

1 

2C»5 

799 

1 

1 



1301 i 


Table B. 


Knots. 1 

t 



Actual Valency. 



0 

1 

2 

3 

4 

5 

1 ^ 

i 

' 7 

1 

1 

1 





I 

1 



2 


1 





1 

1 


3 



1 




1 



4 



1 

1 


1 

I 


1 


5 



1 

1 

1 





6 



1 

3 

1 

1 




.7 



1 

5 

3 

1 

1 



8 



1 

10 

7 

3 

1 

1 1 

i 

9 



1 1 

17 

17 

7 

3 

i 1 

1 

10 



1 

36 

38 





11 



1 

65 

93 

] 


1 

1 


12 



1 

134 

222 





13 



1 

264 

534 





— 





— 

— 

— 

! 
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viz. in A the columns 2, 3, 4, and the last column are the totals given by 
the Tables lY., VI., YIII., and II., and the remaining numbers of columns 
5, 6, 7, 8 have been found by trial ; and in B the several columns are the 
differences of the columns of A. The signification is obvious ; for instance, 
if the number of knots is =9, then Table A, if valency, or maximum number 
of branches from a knot, 

is = 2, 3, 4, 5, 6, 7, 8 or any greater number, 
Ho. of trees = 1, 18, 35, 42, 45, 46, 47 : 


^'iz. with 9 knots the tree can have at most 8 branches from a knot, so 
that the number of trees having at most 8 branches from a knot is ==47, the 
whole number of trees with 9 knots ; and so the number of knots being as 


=9, Table B shows that the number of 47 is 

made up of the numbers 


1, 17, 17, 7, 3, 1, 1 ; 


1 is the No. of trees, at most 2 branches from a knot 


17 

»» 3 „ „ 

at least one 3-branch knot. 

17 

» ^ }» »j 

» 4 „ 

7 

if o „ ,, 

it fi »» 

3 

» 6 >» »» 

» 6 „ 

1 „ 

»> 7 ,, ft 

„ 7 „ 

1 

fi 8 ,, ,, 

.. 8 „ 


I annex also a Plate showing the figures of the 1 4- 1 4- 2 + 3 + G + 1 1 + 23 -h 47 
trees of 1, 2, 3 ... 9 knots, classified according to their altitudes and number 
of main branches ; and as to the bicontre-trees, according to the number of 
main branches from each point of the bicentre. The affixed numbers show 
in each case the greatest number of branches from a knot ; so that when this 
is (2), the knots may be oxygen, boron, carbon, &c. atoms ; when (3), boron, 
carbon, &c. atoms ; when (4), carbon, &c. atoms; and so on. 


Report of the Committee, consisting of Professor Cayley, F,R.S., 
Professor Stokes, F.R.S., Professor Sir W. Thomson, F,R,S,, 
Professor H. J. S. Smith, FKS., and J. W. L. Glaisheb, F.R,S,, 
on Mathematical Tables, (Professor Cayley, Reporter.) 

The present Report (say Report 1875) is in continuation of that by Mr, 
Glaisher, published in the volume for 1873, and hero cited as Report 1873. 

Report 1873 extends to all those tables which are at p, 3 included under 
the headings : — 

A, auxiliary for non -logarithmic calculation, 1, 2, 3 ; 

B, logarithmic and circular, 4, 5, 6 ; 

C, exponential, 7, 8 (but only partially to C 8), other than those tables 
of C referred to as ‘^h.l tan (45° ai^d also partially (see art. 24, 
pp. 81-83) to the tables included under the heading E, 11, transcendental 
constants c, tt, y, &c., and their powers and functions.^^ 

A future Report will comprise the tables, or further tables, included under 
the headings ; — 

C. 8. Hyperbolic antilogarithras {f) and h.l tan (45° and hyper- 
bolic sines, cosines, &c. 


1875. 


X 
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B. Algebraic constants. 

9. Accurate integer or fractional values. Bernoulli’s Nos., AwO"*, &c. 

Binomial coefficients. 

10. Decimal values auxiliary to the calculation of series. 

E. 11. Transcendental constahts c, ir, y, &c., and their powers and func- 

tions. 

The present Beport (1875) comprises the tables included under the head- 
ings:— ^ 

F. Ajrithmological. 

12. Divisors and prime numbers. Prime roots. The Canon arithme- 

ticuB, &c. 

13. The PeUian equation. 

14. Partitions. 

15. Quadratic forms &c.^ and partition of numbers into squares, 

cubes, and biquadrates. 

16. Binary, ternary, &c. quadratic and higher forms. 

17. Complex theories, 

which divisions are herein referred to, for instance, as [F. 12. Divisors (fee.]. 

Report 1873 consists of six sections (§) divided into articles, which are 
separately numbered (see contents, p. 174) ; the present Report 1875 forms 
a single section (§ 7), divided in like manner into articles, which are sepa- 
rately numbered ; but besides this the paragraphs are numbered, and that 
continuously, through the present Report 1875, so that any paragraph may 
be cited as Report 1875, No. — (as the case may be). 

Art. 1. [F. 12, Divisors ^c.] Divisors and Prime Numbers, 

1. As to divisors and prime numbers see Report 1873, art. 8 (Tables of 
Divisors (factor tables) and Tables of Primes), pp. 34-40. The tables there 
referred to, such as Chernac, Burckhardt, Base, Base and Rosenberg, are 
chiefly tables running up to very high numbers (the last of them the ninth 
million), wherein to save space multiples of 2, 3, 5 are frequcntlj^ omitted, 
and in some of them only the least divisor is given. It would be for many 
'purposes convenient to have a small table, going up say to 10,000, showing 
• in every case all the prime factors of the number. Such a table might be 
arranged, 500 numbers in a page, in some such form as the following : — 

Factor Table | 1 to 500 | 

0 123456 789 

39 1 2.3.5.13 1 17.23 1 |3.131 12.197 1 5.79 1 2^3M1 1 397* 1 2.199 1 3.7.19 

where the top line shows the units, and the left-hand column the remaining 
figures, viz. the specimen exhibits the composition of the several numbers from 
*1590 to 399 : a prime niunber, e, g. 397, would be sufficiently indicated by the 
absence of any decomposition, or it may be further indicated by an asterisk. 

It may be noticed tiiat in the theory of numbers the decomposition is spe- 
cially required when the next following number is a prime, viz. that of j)— 1, 
p being a prime : and that this is given incidentally, for prime numbers jp 
up to 1000, in Jacobi’s ‘ Canon Arithmeticus,’ No. 20, and up to 15,000 
in Reuschle’s Tables, V. (a, b, c) post, No. 22. 

2. It may be proper to remark here that any table of a binary form is 
reaUy a factor-table in the complex theory connected with such binary form. 
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Tj^s table of the form a number of this form has a factor a-\-hi 

(i= V—l as usual); and the table in fact shows the complex factor a+6i 
of the number in question : a well arranged table would give all the prime 
complex factors a-^hi oi the number. But as to this more hereafter; at pre- 
sent we are concerned with the real theory only, not with any complex theory. 

3. Connected with a factor-table we have (1) Table of the number of less 
relative primes ; viz. such a table would show for every number the number 
of inferior integers having no common factor with the number itself. The 
formula is a well-known one : for .a number . . , (a, 6, . . . the di- 

stinct prime factors of N), the number of less relative primes is 

or(N), ^ ^ ^ ^ 


or, what is the same thing, = N 




A small table (N:sl to 


100), occupying half a page, is given, 

Euler, Op. Arith. Col. t. ii. p. 128 ; viz. this is 7rl=0, 7r2=l, . . . ttIOO 
=40. 

4. But it would be interesting to have such a table of the same extent with 
the proposed factor- table. The table might be of like form ; for instance. 


No. of less relative Primes Table 


1 to 500 |. 


0123466789 
29 I 112 I 192 I 144 I 292 | 84 | 232 | 144 | 198 | 148 | 264 | 


and it would be of still greater interest to have an inverse table showing the 
values of N which belong to a given value of «r(N) ; for instance, 


®r= 

N= 

40 

41, 55, 76, 82, 88, 100, 110 

42 

43, 49, 86, 98 

44 

69, 92 

46 

47, 94 

48 

65, 104, 105, 112 


where, observe, that w is of necessity even. 

5. Again, connected with a factor-table, we have (2) Table of the Sum of 

the divisors of a Number. The formula is also a well-known one ; for a 
number , (a, h the distinct prime factors of N), the required sum 

JN is s=(l*fa ...-fa®)(l + & ... or, what is the same thing, 

-55 2 — ^ where, observe, that the number itself is reckoned 
a— 1 6—1 

as a divisor. 

6. Such a table was required by Euler in his researches on Amicable 
Numbers (see jposf, No. 10), and he accordingly gives one of a considerable 
extent 

Euler, Op. Arith. Coll. t. i. pp. 104-109. 

It is to be remarked that inasmuch as j* N is obviously « Ja* . . . , the 

function need only be tabulated for the different integer powers «• of each 
prime number a. The range of Euler’s table is as fidlows 

X 2 
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asa 

a,— 

2 

lto36 

3 

1 „ 15 

6 

1 „ 0 

7 

1 „ 10 

11 

1 » « 

13 

1 » 7 

17 

1 » 5 

19 

1 „ 5 

23 

1 „ 4 

29 to 997 

1 „ J} 


viz. for the several prime numbers from 29 to 997 the table gives Ja", 
and J a*. And it is to be noticed that the values of the sum are exhibited, 
decomposed into their prime factors : thus a specimen of the table is 
Num. Summa Divisorum. 


139 

2^5.7 

1392 

3.13.499 

139= 

2=. 5. 7. 9661 


7. The form of the above table is adapted to its particular purpose (the 
theory of amicable niuubers) ; but Euler gives also, 

Ei^er, Op. Arith. Coll. t. i. p. 147 (in the paper “ Observatio de Summis 
Divisorum,” pp. 146-154, 1752), a short table of about half a page, 
to 100, of the form Jl = l, J2=3, ...J 100=217. The paper contains on 
the subject of Jn interesting analytical researches which connect themselves 
with the theory of the Partition of hTumbers. 

8. It would be interesting to carry the last-mentioned table to the same 
extent as the proposed factor-table ; and to add to it an inverse table, as sug- 
gested in regard to the number of less relative primes table. 

9. Perfect Numbers , — A perfect number is a number which is equal to the 
sum of its divisors (the number itself not being reckoned as a divisor), e, g, 
6=l+2-i-3:28=l-l-2-f.4-|-7-fl4. Such numbers are indicated by a table 
of the sums of divisors J 6=12, J28 = 56, these two being, as appears by 
the table, art. 7, the ordy perfect numbers less than 100. 

10. Amicable Numbers * — These are pairs of numbers such that each is equal 
to the sum of the divisors of the other (not reckoning the other number as 
a divisor) ; or, what is the same thing, such that each has the same sum of 
divisors (the number being here reckoned as a divisor); say J A=B, J B=A ; 
or, what is the same thing, j’A=jB(=A+B). Thus 220, 284, 

J'220=(l+2+4)(l+5Xl4-ll)-220, =284, 

J”284=(l+2+4)(H-71)-284, =220; 

or, what is the same thing, 

J’220=(l+2+4)(l+6Xl + ll)=504=(l+2+4)(l+71)=J’284, 

11. A catalogue of 61 pairs of numbers is given 

Euler, Op. Arith. Coll. t. i. pp. 144-145 (occupies about one page). The 
paper, “ J)e Numeris Amicabilibus,’^ pp. 102-145, contains an elaborate in- 
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Testigation of the theory, by means whereof all but two of the pairs of num- 
bers are obtained. The first pair is the above-mentioned one, 2^ 6 . 11 aud 
2^ 71(=220 and 284), and the fifty-ninth the high numbers 

3^^. 72 . 13.19.53. 6959 and 3*. 13.19. 179 . 2087. 

The last two pairs are referred to as ‘‘formsB diverssD a precedentibiis ; viz. 
these are 

/ 21 19.41 , / 2^41. 467 

\2M99 \2M9.233. 

12. A Table of the Frequency of Primes is given 
Gauss, Tafel der Frequenz de Primzahlen, Werkc, t. xi. pp. 436-443 ; 
viz. this extends to 3,000,000, 

The first part, extending to 1,000,000, =1000 thousand, shows how many 
primes there are in each thousand : a specimen is 

1, 168 

2, 135 

3, 127 

4, 120 

5, 119 
&^c. ; 

viz. in the first thousand there arc 168 primes, in the second thousand 135 
primes, and so on. 

For the second and third millions the frequency is given for each ten thou- 
sand : a specimen is 

1,000,000 to 1,100,000. 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


1 

1 










1 

2 


1 




1 


1 

1 


4 

3 


4 

2 

2 

3 

1 

2 

3 

3 

1 

12 

4 

2 

8 

5 

4 

3 

6 

9 

4 

5 

8 

54 

5 

11 

10 ’ 

8 

18 

12 

10 

10 

12 

15 

8 

114 

6 

14 

14 

18 

21 

16 

22 

19 

15 

17 

15 

171 

7 

26 

17 

-23 

23 

24 

24 

17 

22 

20 

21 

217 

8 

19 

16 

21 

7 

14 

15 

20 

17 

15 

17 

164 

9 

11 

13 

9 

13 

14 

14 

12 

13 

11 

16 

126 

10 

8 

6 

8 

5 

9 

5 

5 

9 

7 

9 

71 

11 

6 

6 

4 

6 

3 

1 

3 

1 

4 

5 

39 

12 

1 

1 

2 

1 

1 

1 

2 

2 

1 


12 

13 

1 

1 



1 


1 

1 

1 


6 

14 












15 












16 













752 

719 

732 

700 

731 

698 

713 

722 

760 

737 

7210 


=7212-89. 

logo; 
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viz. in the interval 1,000,000 to 1,010,000, 100 hundreds, there is 1 hundred 
eontaining 1 prime, 2 hundreds each containing 4 primes, 11 hundreds each 
containing 5 primes, ... 1 hundred containing 13 primes, 


lx 

1= 1 

4x 

2= 8 

5x 

11= 55 

13x 

1= 13 

100 

752 


or the whole 10,000 contains 752 primes ; the next 10,000 contains 719 
primes, and so on ; the whole 100,000 thus containing 752 -f 719 -f &c. . . =7210 
primes, which number is at the foot compared with the theoretic approximate 
, Cda? 

value I (limits 1,000,000 to 1,010, 000)=7212-99. The integral in 

question is represented by the notation Li. .r or li. 

p. 443. We have the like tables 1,000,000 to 2,000,000 and 2,000,000 to 
3,000,000, showing for each 100,000 how many hundreds there arc contain- 
ing 0 prime, 1 prime, 2 primes, up to (the largest number) 17 primes. 

13. It is noticed that 

the 26,379th hundred contains no prime, 
the 27,050th hundred contains 17 primes. 

It may be observed that if N=2 . 3 . 5 . . .jo, the product of all the primes 
up to^, then each of the numbers N-f 1 and 1^+5 (if 5 ^ be the prime next 
succeeding p) is or is not a prime; but the intermediate numbers K-i-2, 
N-h3, .. 1 are certainly composite ; viz. we thus have at least q—2 

consecutive composites. To obtain in this manner 99 consecutive composites, 
the value of N would bo =2.3.5... 97, viz. this is a number far exceeding 
2,637,900 ; but in fact the hundred numbers 2,637,901 to 2,638,000 are all 
composite. 

laegetldre, in his ‘Essai sur la Thcorie dcs Nombres’ (1st edit., 1798; 
2nd edit., 1808; supplement, 1816: references to this edition), gives for the 
number of primes inferior to a given limit .v the approximate formula 

log^-l-08366‘' 

and p. 394, and supplement, p. 62, ho compares for each 10,000 up to 100,000, 
and for each 100,000 up to 1,000,000, the values as computed by this for- 
mula with the actual numbers of primes exhibited by the tables of Wega and 
Chemac. Thua a? =1,000,000, the computed value is 78,543, the actual 
value 78,493. 

He shows, p. 414, that the number of integers less than w, and not divi- 
sible by any of the numbers 6, X, p, ... is approximately 

'and taking 0, X, /i . . . the successive primes 3, 5, 7, . . . he gives the values of 
the function in question, or, say, the function 

2 4 6 10 «^1 
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it) a prime, for the several prime values iti=3 to 1229 in the Table IX. (one 
page) at the end of the work. 

14. A table of frequency is given 

Glaisher, J. W. L., British Association lieport for 1872, p. 20. This 
gives for the second and ninth millions, respectively divided into intervals 
of 50,000, the actual number of primes in each interval, as compared with 
the theoretic value li.r'— lio?; and also deduced therefrom, by the formula 
log + a table of the average interval between two consecutive primes ; 
this average interval increases very slowly : at the beginning and end of the 
second million the values are 13*76 and 14*58 (theoretic values 13*84 and 
14*50); at the beginning and end of the ninth million 16*02 and 15*95 
(theoretic values 15*90 and 16*01). 

15. Coming under the head of Divisor Tables, some tables by Rouschle 
and Gauss may be here referred to. These are ; — 

Reuschle, Mathematische Abhandlung, zahlentheoretische Tabellen 
sammt einer dicsclbcn treflPenden Correspondenz mit der verewigten C. G. J. 
Jacobi, 4°, pp. 1-61 * (1856). The tables belonging to the present subject are 

A. Tafeln zur Zerlegung von -1 (pp. 18-22). 

I. Table of the prime factors of 10”— 1, viz. 

(a. pp. 18-19). Complete decomposition of 10”— 1 { a = 1 to 42) and 10” -f 1 
(n=l to 21). Some values of n omitted. 

A specimen is 

1013 ^ i==3-. 53 . 79 . 265371653, 

K)!'’ + 1 = 1 1 . 189 . 1058313049. 

(b. p. 19). List of the specific prime factors /of 10”— 1 (or the prime 
factors of the residue after separation of the analytical factors) 
for those values of n for which the complete decomposition is 
unknown, and omitting those values for which no factor is known, 
91=25 to 243. 

A specimen is n f 

25 2141. 

The meaning seems to be, residue of 10^® — 1 is l-f-lO'^ + lO^^-f 10^®4-10'‘‘®, 
and this contains the prime factor 21401 ; but it is not clear why this is 
the specific prime factor.’^ 

II. Prime factors of 1 for different values of a and n. 

(a. p. 20) gives for 41 values of a (2, 3, &c. at interval^ to 100) and 
for the following values of n the decompositions of the residues 
or specific factors of «”— 1 ; viz. these are 

n=l a— 1 

,, 2 a-f-1 

. „ 3 -f- £* 1 

„ 6 a®— a-fl 

„ 4 a^ + 1 

„ 5 a* + a®4-a*-l-a+l 

„10 a*— 4* ! 

,, 8 

„12 a*— 

* Titlfipage missing in my copy , but I find from Prof. Kumincr s notice of the work, 

‘ Orolle,’ t. liii. (1857), p. 879, that it appeared as a Progwunm of the Stuttgart Gynmaeiuim, 
Michadmae, 1866, and was separately printed by lieswig and Co.| Stuttgart. ^ ^ 
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A speoimeii is 


a 

a-1 ! 

a*~l j 

a“-l 

a"-! 

a‘_l|„'_l a'o-ll a«-l|a''-l 

L_ _ 

10 

3* 

11 

31 37 

7.13 

101 41.27l! 9091 i73.137| 9901 


(b. p. 21.) Specific prime factors for the numbers 2, 3, 5, 6, 7, 10 (the 
powers 4, 8, 9 being omitted as coming under 2 and 3) for the exponents 1 
to 42. 

A specimen is 


n 

2«-l 

3«_1 5«_i 

6"-l 

7''-! 

10“-1 

19 

524287 

1597. 363889,' 191. a-! 

191. a; 

419. 



where the x denotes that the other factor is not known to be prime. And so 
where no number is given, as in 10^*’ — 1, it is not known whether the num- 
ber ( = l + 10'-fl0^. . . +10^^) is or is not prime. 

Addition, p. 22. For «=2, the complete decomposition of the prime factor 
of 2“— 1 is given for values of h, =44,45 ... at intervals to 156. 
A specimen is n f 

44 397.2113, 

viz. ~2“-h3, =838.861=397.2113. 

n=31, Fermat’s prime. ?i=37, the first case for which the de- 
composition is not given completely. n=41, the first case for 
which no factor is known. 


16. GauflS, Tafel zur Cyclotcchnie, Werke, t. ii. pp. 478-495, shows for 
2452 numbers of the several forms cr-fl, a^-|-4, a^-f9, . . . . a^-|-8J, the 
values of a such that the number in question is a product of prime factors 
no one of which exceeds 200, and exhibits all the odd prime factors of each 
such number. The table is in nine parts, zerlegbare 1, zcrlcgbaro fl^H-4, 
Ac., with to each part a subsidiary table, as presently mentioned. Thus a 
specimen is 

zerlegbare a^H-9. 


1 

2 

4 

5 

7 

8 


5 

13 

6.5 

17 

29 

73 


1411168679 


5 . 5 . 13 . 17 . 17 . 89 . 113 . 167 . 173 . 197 . 197. 


viz. 1^ + 9, odd prime factor is 5, 

2H9, „ „ 13, 

4*4-9, factors are 5, 5, 

and so on. 

And the subsidiary table is 


6 

13 

17 


1, 4,79 

2, 11, 41 

6, 29. 46, 379, 1042 


showing that the numbers a for which the largest factor is 5 are 1, 4, 79 ; 
those for which it is 13 are 2, 11; 41 ; and so on. 
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The object of the table is explained in the ‘ Bemerkungen/ p. 499 , by 
Schering, the editor of the volume, viz. it is to facilitate the calculation of 
the circular arcs the cotangents of which are rational numbers. To take a 
simple example, it appears to be by means of it that Gauss obtained, among 
other formulse, the following : 


^ = 12 arctan i -f- 8 arctan i —5 arctan 
4 18 0 / 239’ 


and 


0 / 

111 1 
5=12 arctan -- -f 20 arctan -f- 7 arctan +24 arctan . 

oo 57 2ov 2bo 


Art. 2. [P.12. Divisors continuecL Prime Boots, The Canon Arithmeticus^ 

Quadratic residues. 


17. Prime Boots. — Let^j>be a prime number; then there exist 7u(p^l) 
inferior integers g, such that all the numbers 1 , 2 , . . .jj—l are, to the mo- 
dulus l,g,g‘^, . . (gp-'i is of course i- 1); and this being so, g is 
said to be a prime root of p ; and moreover the several numbers whore a 
is any number whatever loss than and prime top — 1 , constitute the series of 
the m(p—l) prime roots of 7 ). It may be added that if /S be an integer num- 
ber less than j; — 1 , and having with it a greatest common measure =Jc, so 






^since ^ is an integer, and gP^ ^ zi: 1 ^ then g^ has 
the indicatrix"^^-; the prime roots are those numbers which have the indi- 


that (g^) ^ g^ 

. p — 1 


catrixp— 1 . 

The like theory exists as to any number N of the form or 2 p*». 
There are here -©-(N), = N ^1 — - ^ or ^ 1 — (in the two cases respec- 
tively) numbers less than N and prime to it ; and we have then 
numbers such that to the modulus N all these numbers are =l,g,g^,,, 
gwm-i (ptpCN) ig of course 1 ) ; and this being so, g may bo regarded as 
a prime root of N ( 5 =p»» or 2 p”* as the case may be) ; and moreover the several 
numbers where a is any number whatever less than and prime to w(N), 
constitute the series of the -nr («r(N)) prime roots of N. Thus ]N’ 5 = 3 *= 9 , 
ttr(N)=6; we have 

1 , 2 \ 2 \ 2 ^ 2 ^ 2 ' 

™ 1, 2, 4, 8 , 7, 5 mod. 9 ; 
or prime roots are 2^ and 2% =2 and 5, 

So also ^5=2.3*= 18, «r(N)= 56 ; we have 


1, 5, 5% 5\ 5^ 5* 

~1, 5, 7, 17, 13, 11 mod. 18; 
and 6 ^ and 5\ =5 and 11 are the prime roots of 18. 


18. A small table of prime roots, p 5 = 3 to 37, is given 

ISvlerf Op. Arith. Coll. t. i. pp. 525-526. The Memoir is entitled 
Demonstrationes circa residua e divisione potestatum per numcros primos 
resultantia,” pp. 516-537 (1772). 

19. A table, p andp% 3 to 97 , is given 

Gams, ‘Oisquisitiones Arithmetic^/ 1801 (Verke, t. i. p. 468), This 
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gives in eaeh case a prime root, and it shows the exponents in regard thereto 
of the several prime numbers less than jp or Thus a specimen is 




2 

. 3 

. 5 

. 7 . 

, 11. 

13 

. 17, 

. 19 

.23 . 29, &c. 

27 

2 

1 

1 

5 

16 

13 

8 

15 

12 

11 

29 

10 

11 

27 

18 

20 

23 

2 

7 

15 

24 


m. for 27 we have 2 a prime root, and 2 = 2', 5 ^ 2 % 7 ^ 2^®, 11 = 2^^, 
&c. ; and so also for 29 we have 10 a prime root and 2~ 10^\ 3 ^ 10% 
6 = 10% &c. 

20. Small tables are probably to be found in many other places ; but the 
most extensive and convenient table is Jacobi’s ‘ Canon Arithmeticus/ the 
complete title of which is 

* Canon Arithmeticus sive tabula quibus exhibentur pro singulis numeris 
primis vel primorum potestatibus infra 1000 numeri ad dates indices et 


indices ad datos numeros pertinentos.’ Edidit C. G. J. Jacobi. Berolini, 
1839. 40. 

The contents are as follows : — Page 

Introductio i to xl 

Tabulae numerorum ad indices datos pertinentium et indicum 
numero date correspondentium pro modulis primis minoribus 

quam 1000 1-221 

Tabulae residuorum et indicum sibi mutuo respondontium pro 
modulis minoribus quam 1000 qui sunt numerorum pri- 
morum potestates 222-238 

Hujus tabula ea pars quae pertinet ad modules formae 2”, inve- 
nitur 239-240 

The following is a specimen of the principal tables : — 
p = 19, p--l=2.3^ 

Numeri. 


I 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 



10 

5 

12 

6 

3 

11 

15 

17 j 

18 


9 

14 

7 

13 

16 

8 

4 

2 

1 



Indices. 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 9 



18 

17 

6 

16 

2 

4 

12 

15 10 

1 

1 

6 

3 1 

13 

11 

7 

14 

8 1 



where the first table gives the values of the powers of the prime root 10 (that 
10 is the root appears by its index being given as =1) to the modulus W, 
viz. 10’ = 10, 10* = 6, 10® = 12, &c. ; and the second table gives the index 
of the power to which the same prime root must be raised in order that it 
may be to the modulus 19 congruent with a given number, thus 10’* = 1, 
10’^ = 2, 10® = 3, &c. The units of the index or number, as the case may 
be, are contained in the top line of the table, and the tens or hundreds and 
tens in the left-hand column. 
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21. There is given, 

Jacobi, Crelle, t. xxx. pp. 181, 182, a table of m! for the argument w, 
Buch that 

l-f^”^^”*'(mod. jp=7 to 103, and m=0 to 102. 

A specimen is 


p 

y 

7 

3 

11 

2 

13 

6 

17 

10 

19 

10 

23 

10 

29 

19 

31 

17 

37 . . 
5 

. . to 103 

m 

11 



6 

4 

7 


27 

21 

34 



for instance, p = 19, 1 + 10^^~1 0'"^ (mod. 1 9) . 

Jacobi remarks that this table was calculated for him by his class during 
the winter course of 1836-37 ; and that, by means of the since-published 
‘ Canon Arithmeticus,’ the same might easily bo extended to all primes under 
1000. In fact for any such number /?, putting any number of the table 
“ Indices ”=tn, the next following number of the table gives the value of w'. 

22. We have next in Reuschle’s Memoir (ante^ No. 15) the following 
relating to prime roots 

C. Tafeln fiir primitive Wurzeln und Hauptexponenten, oder Y. erweiterte 
und bereicherte Burkhardtsche Tafel, pp. 41-61, being divided into three 
parts ; viz. these are 

a. Table of the Hauptexponenten of the six roots 10, 5, 2, 6, 3, 7 for all 
prime numbers of the first 1000, together with the least primitive root of 
each of these numbers (pp, 42-46). 

A specimen is as follows : — 

10 5 2 6 3 7 

p p — 1 e n e n e n e n e n e n 

63 2'M3 13 4 52 1 52 1 26 2 52 1 26 2 2 


where e is the Haupt- exponent or indicatrix of the root (10, 5, 2, 6, 3, 7, as 

p — 1 

the case may bo), n== , w the least primitive root ; thus 


p=53, lO'^^l, 5*=^^!, 2®^^1 
(2 being accordingly the least prime root), 

3 *"^ 1 , 7 =^®=!. 


The number w of the last column is the least primitive root ; it is, of course, 
not always (as in the present case) one of the numbers 10, 5, 2, 6, 3, 7 to 
which the table relates: the first exception is 2>=191,w;=19, the highest 
value of w being i</=21 corresponding top =409. 

b. The like table for the roots 10 and 2 for all prime numbers from 1000 
to 5000, together with as convenient as possible a prime root (and in some 
cases two prime roots) for each such number (pp. 47-53). 

A specimen is ; — 

10 2 

p p— 1 e n € n w 
1289 2\7.23 92 14 161 8 6,11 


viz. here mod. 1289, lO*’^!, 2^®'sl ; and two prime roots are 6, 11. We 
have thus by the present tables a prime root for every prime number not 
exceeding 6000. 
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c. The like table for the root 10 for all prime numbers between 5000 and 
15000 (no column for w, nor any prime root given), pp. 53-61. 

A specimen is 

p ^—1 e n 

9859 2.3.31.53 3286 3 

viz. mod. 9859 we have 10^^*^®=!. But in a large number of cases we have 
n = 1, and therefore 10 a prime root. Eor example, 

9887 2.4983 9886 1. 

23. For a composite number n, if ]Sr=-ny(n) be the number of integers less 

than n and prime to it, than if x be any number less than n and prime to 
it, we have (mod. n) . But wc have in this case no analogue of a 

prime root — there is no number x, such that its several powers x\ .... 

(mod. n) are all different from unity ; or, what is the same thing, there 
is for each value of x some submultiple of iN", say N', such that 
(mod. %). And these several numbers N' have a least common multiple I, 
which is not =‘Ny but is a submultiple of N ; and this being so, then for all 
the several values of x, I is said to be the maximum indicator. For instance, 
w=12, N=c7(n); the numbers less than 12 and prime to it are 1, 5, 7, 11. 
We have (mod. 12) 1^=1, 5-'iEi-l, 7*^1, 11''^=!, or the values of N' are 1, 
2, 2, 2; their least common multiple is 2, and we have accordingly 1=2: 
viz. (mod. 12) has the «r(12) roots 1, 5, 7, M. So n=24, 'ar(n)=8; 
the maximum indicator I is in this case also =2. 

A table of the maximum indicator n=l to 1000 is given 

Cauchy, Excr. d’Analyse &c. t. ii. (1841), pp. 36-40, contained in the 

Memoire sur la resolution des equations indeterminees du premier degre en 
nombres entiers,’’ pp. 1-40. 

24. It thus appears that for a composite number n, the vr(n) numbers less 
than n and prime to it cannot be expressed as ^ (mod. n) to the power of a 
single root ; but for the expression of them it is necessary to employ two 
Or more roots. A small table, n=l to 50, is given 

Cayley, Specimen Table (mod. N) for any prime or composite 

modulus ; Quart. Math. Joum. t. ix. (1867), pp. 95, 96, and folding sheet. 

A specimen is 


Nos. 

12 

roots 

5,7 

Ind. 

2,2 

M.L 

2 

0 

4 

1 

0,0 

2 


3 


4 


5 

1,0 

6 


7 

0,1 


8 

9 

10 

11 


1,1 
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viz. for the modulus 12 the roots are 5, 7, having respectively the indicators 
2, 2, viz. 5^=1 (mod. 12), 7^=1 (mod. 12). Hence also the maximum indi- 
cator is =2. = ®{n))=s4 is the number of integers less than 12 and prime 

to it, viz. those are 1, 5, 7, 11, which in terms of the roots 5, 7 and to mod. 12 
are respectively ^ 5^7“, 5^7®, 5°,7\ and 5\7\ 

25. Quadratic Residues , — In regard to a given prime number p, a number 
N is or is not a quadratic residue according as the index of N is even or odd, 
viz. g being a prime root and then according as a is even or odd. 

But the quadratic residues can, of course, be obtained directly without the 
consideration of prime roots. 

A small table, ^=3 to 97 and N= —1 and (prime values) 3 to 97, is given 
Gaiiss 5 Bisquisitiones Arithmeticse, 1801 ; Tabic II. (Werke, t. i. p. 469); 
I notice here a misprint in the top line; it should be ~1, +2, -f 3, &c., 
instead of 1, -|-2, +3, &c. ; the —1 is printed correctly in p. 499 of the 
French translation ‘ Recherches Arithmetiques,’ Paris, 1807. 

A specimen is 


-1 

+2 

+3 

+5 

+7 +11+13 

+ 17+19 

+23 




- 

_ 1 __ 

j 

- 


viz. —1, 2, 3, 13 are not, 5, 7, 11, 17 &c. are residues of 19. The residues 
taken positively and less than 19 are, in fact, 1, 4, 5, 6, 7, 11, 10, 17. 

The same table carried fromp = 3 to 503, and prime values N=3 to 997, 
is given 

Gauss, Werke, t. ii. pp. 400-409. Specimen is 



2 

3 

5 i 

i 

7 

11 

13 

17 

19 23 

<fec. 

19 



- 

- 

- 


- 

1 



viz. the arrangement is the same, except only that the ~ 1 column is omitted. 
26. We have also by Gauss 

Table III. Bisquisitiones Arithmetics (Werke, t. i. p, 470), for the con- 
version into decimals of a vulgar fraction, denominator p or not exceeding 
100. The explanation is given in art. 314 et seq. of the same work. 

But this table, carried to a greater extent, is given by Gauss, Werke, 
t. ii. pp. 412-434, “ Tafel zur Yerwandlung gemeiner Bruche mit Nennem aus 
dem orston Tausend in Becimalbriiche ; viz. the denominators are here 
primes or powers of primes, up to 997. 

To explain the table, consider a modulus p^ (where p may be = 1) ; 
if 10 is not a prime root of consider a prime root r, which is such that 
r*10= (mod. p'*), e being a submultiple of say we have 

jj 

ef=p^~\p — l), then lO-^^l (mod. p^). Consider any fraction then 

we may write (mod. p^) h from 0 to /—I, and I from 0 to c—l, 

N 10 V* 

= 10V*, and consequently and — ^ have the same mantissa (decimal part 

P P 

regarded as an integer) ; hence, in order to know the mantissa of every frac- 


N . rl 

tion whatever of -r, it is sufficient to know the mantissa of that is the 

f' f' 
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mantisssB of -n, ~r, -r . , . — or, what ia the same thing, the mantissae of 

jp jp p 

W ^ lOr-' 
p^’ " f- ‘ 

For instance, ^'*=11, IC's! (mod. 11), 'whence /=2, «=6 ; and taking 
r= 2 , wo have lO^r® (mod. 11 ). 

The required mantissse, denoted in the table by 

(0) (1) (2) (3) (4) 

„ „ 10 10.2 10 . 2 = 10 . 2 = 10 . 2 ‘ 

are those oi XI * XI ^ IX ^ XI * 


viz. these fractions are respectively = 

(0) (1) (2) (3) (4) 

•9090 . 1-8181 . 3*6363 . 7*2727 . 14*5454. 


or their mantissae are 90, 81, 63, 27, 54. 
And we accordingly have as a specimen 


XX 


(X).. 8 X (2).. 63 (3)... 27 (4).. 54. (0)90. 


Or again, as another specimen, r=2:* 


27 


(X).,.740 (2).. 481 


(3).. 962 (4).. 925 (5).. 851 


(0).,370. 


The table in this form extends to p^=463 ; the values of t (not given in 
the body of the table) are annexed, p. 420. 

In the latter part of the table jp^=467 to 997, we have only the mantissae 


of 


XOO 


547 


A specimen is 

1828X53564 89945X5539 3053016453 3820840950 
6398537477 1480804387 5685557586 8372943327 
239488X170 0182815356 , 


100 

viz. the fraction ^ 7 ^= 
o4d 


•1828X5 has a period of 91, 


646, figures. 


Art. 3. [F. 13. The, PeUian Eqmtion.'\ 

27 . The PeUian equation is ® being a given integer number, 

which is not a square (or rather, if it be, the solution is only y=X, a?=0), 
and /p, y being numbers to be determined: what is required is the least values 
of Xj y, since these, being known, aU other values can be found. A small 
table ( 1=2 to 68 is given, 

Buler, Op. Arith. Coll. t. i. p. 8. The Memoir is ‘‘ Solutio problematum 
Diophanteorum per numeros integros,” pp. 4-10, 1732-33. The form of the 
table is 

a a{=P) y{=i) 

2 2 

312 

5 4 9 

68 4 
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Even here, for some of the values of a, the values of a?, y are extremely large ; 
thus a=361, .r=226,163,980, 3/= 1,766,399,049. 

And probably tables of a like extent may be found elsewhere ; in particular 
a table of the solution of 3/*=aa7^+l (— when the value of a is such that 
there is a solution of 1, and -f- for other values of «), a=2 to 135 

is given, Legendre, ‘ Theorie des Nombres,’ 2nd ed. 1808, in the Table X. 
(one page) at the end of the work. For the before-mentioned number 61 
the equation is 3/“=6] 1 , and the values are a?=3805, 2/=29718 ; much 

smaller than Euler’s values for the equation 3/*^= 61 ar^+l. 

28. The most extensive table, however, is 

Degen, “ Canon Pelhanus, sive Tabula simplicissimam equationis celebra- 
tissimsB ; 1, solutionem,pro singulis numeri dati valoribus ab 1 usque 

ad 1000 in numeris rationalibiis, iisdemque integris exhibens.” Auctore 
Carolo Ferdinando Degen. Hafii (Copenhagen) apud Gerhardum Bonnarum, 
1817. 8vo, pp. iv to xxiv and 1 to 112. 

The first table (pp. 3-106) is entitled as “ Tabula I. Solutionem Equationis 
— 1=0 exhibens.” It in fact also gives the expression of V a as a 
continued fraction ; thus a specimen is 


209 

114 2 5 3 (2) 

1 13 5 8 11 


! 3220 


1 46551 


Here the first lino gives the continued fraction, viz, 

,1111111 1 1 
^^^^“”l^'^2 + 5+3+2+3“l-5-f2+28 + 2 + &c., 

the period being (2, 5, 3, 2, 3, 5, 2) indicated by 2, 5, 3 (2). [The number 
of terms in the period is here odd, but it may bo even ; for instance, the 
period (1, 1, 5, 5, 1, 1) is indicated by 1, 1 (5, 5)]. 

The second line contains auxiliary numbers presenting themselves in the 

process; thus R^=239 we have E=144-^, 

1 _1(B+14)_R+14_„ 1 

*~ll-14 200-14” 13 

13 _]3(R+12)_E+12_ 1 

‘’“B-12~ 209-12” “ 5 

_ 6 _6(R4-13_R4-13_ 1 

’'“H,-13~209-13”~ 8 “^■'■5’ 

i$2/C., 

where the second line 1, 13, 6 . . . shows the numerical factors of the third 
column. The value of this second line as a result is not very obvious. 

The third line gives co, and the fourth line y. 

29. The second table, pp. 109-112, is entitled Tabula II. Solutionem 
mquationis y®— ooT^-f 1=0 quotiescunque valor ipsius a talem admiserat, ex- 
hibens vie. it is remarked that this is only possible (but see infrd) for those 
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values of a whioh in Table I. correspond to a period of an even number of teri^ 
as shown by two equal numbers in brackets ; thus a =13, the period of VH 
given in Table I. is (1, 1, 1, 1) as shown by the top line 3, 1 (1, 1), and ac- 
cordingly 13 is one of the numbers in Table II. ; and we have there 


13 



or take another specimen, 


241 


4574225 
710110G8 ; 


viz. the first line gives the value of oc, and the second line the value of y 
(least values), for which i/’*— — 1. 

It is to bo noticed that a =2 and a =5, for which we have obviously the 
solutions (a?= 1, 2/=l) and (^ = 1, 2 /= 2 ) respectively, are exceptional numbers 
not satisfying the test above referred to ; and (apparently for this reason) the 
values in question, 2 and 5, are omitted from the table. 

30. Cayley, Table des plus petites solutions impaires de Tdquation 
A'*— = +4, D=5 (mod. 8).’’ CreUe, t. liii. (1857), page 371 (one page). 

It is, as regards the theory of quadratic forms, important to know whether 
for a given value of D(~5, mod. 8) there does or does not exist a solution in 
odd numbers of the equation, — Bi^'=4. As remarked in the paper, “ Note 
sur Pequation Di/^= +4, D=5 (mod. 8),” pp. 3G9-371, this can be deter- 
mined for values of D of the form in question up to D= 997 by means of 
Begen’s Table ; and the solutions, when they exist, of the equation — By'^ =4, 
as also of the equation —4, obtained up to the same value of B. 

Observe that when the equation .ir— By“=-~4 is possible, the .equation 
a?* — B2/*=4 is also possible, and that its least solution is obtained very readily 
from that of the other equation; it is therefore sufficient to tabulate the 
solution of — B^“=+4, the sign being — when the corresponding equa- 
tion is possible, and being in other cases -|- , Hence the form of the Table, 
viz. as a specimen we have 


B 

l± 

X 

757 

imposs 

765 

+ 

83 

773 

— 

139 

781 

i 

mposs, 


that is, B=757 or 781 , there is no solution of either a?^—B 2 /^= 4-4 or = — 4; 
I) = 765, there is a solution .r=83, y=3 of .r'-"— B2/‘'= 4-4, but none of 
—4 ; 1)=773, there is a solution .r=139, y=5 of —4, 

and therefore also a solution of By''=4-4 ; and so in other cases. 


Art. 4. [E. 14. Partitions*'] 

31. The problem of Partitions is closely connected with that of Berivations. 
Thus if it be asked in how many ways can the number n be expressed as a 
sum of three parts, the parts being 0, 1, 2, 3, and each part being repeat- 
able an indefinite number of times, it is clear that n is at most =9, and that 
for the values of m, =0, 1 ... 9 shown by the top line of the annexed table, 
the number of partitions has the values shown by the bottom line thereof; — 
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0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


a% 

a^c 

a^d 

ahd 

acd 

ad^ 

hdf 

cd^ 

cr 



ah^ 

abc 

a(f 

Pd 

bed 

c\l 







Pc 

hc^ 

P 




1 

1 

2 

3 

3 

3 

3 

2 

1 

1 


Bufc taking a, 6, c, d to stand for 0, 1, 2, 3 respectively, the actual partitions 
of the required form are exhibited by the literal terms of the table (these 
being obtained, each column from the preceding one, by the method of deri- 
vations, or say by the rule of the last and last but one), and the numbers 
of the bottom line are simply the number of terms in the several columns 
respectively. 

32. Aset of such literal tables, ^ay of tables 2 * 7 ^) > 

values of n and m (whore the number of letters is =?w-f 1), would be ex- 
tremely interesting and valuable. The tables for a given value of m and for 
different values of n are, it is clear, the proper foundation of the theory of 
the binary quantic l)"*, which corresponds to such value 

of m. Prof. Cayley regrets that he has not in his covariant tables given in 
every case the complete series of literal terms (viz. the literal terms which 
have zero coefficients are, for the most part, though not always, omitted in 
the expressions of the several covariants). 

33, But the question at present is as to the number of terms in a column, that 
is, as to the number of the partitions of a given form : the analytical theory 
has been investigated by Euler and others. The expression for the number 
of partitions is usually obtained as = coefficient of in the development, in 
ascending powers of .r, of a given rational function of .r ; for instance, if there 
is no limitation as to the number of the parts, but if the parts are 1, 2, 3, wi 
(viz. a part may have any value not exceeding m), each part being repeatable 
an indefinite number of times, then 

Number of partitions of n=: coefficient of" in j- — q . 

^ (1 — ;?’)( 1 — (1 — . r ^) . . (1 — ^ 


and we can, by actual development, obtain for any given values of m, n the 
number of partitions. 

These have been tabulated m==l, 2, . . . 20, and m=Qo (viz. there is in 
this case no limit as to the largest part), and n=l to 59, 

Siller, Op. Arith. Coll. t. i. pp. 97-101 (given in the paper “ De Partitione 
Numerorum,” pp. 73-101, 1750) ; heading is “ Tabula indicans quot variis 
modis numerus n e numeris 1, 2, 3, 4 . . . m per additionem exhibi potest, 
sen exbibens valores formulec The successive lines are, in fact, the 

coefficients of the several powers . . o(^ in the expansions of the functions 

11 1 

34. The generating function for any given value of m is, it is clear, ^ 

into that for the next preceding value of m, and it thus appears how cAch 
line of the table is calculated from that which precedes it. The auxiliary 
numbers are printed ; thus a specimen is 
1875. y 
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Yalores nmneri n. 


m 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 





1 

i 

1 

1 

2 

3 

5 

6 

9 


4 

1 

1 

2 

3 1 

5 

6 

9 

11 

15 

18 

23 








1 

1 

2 

3 

5 

7 


5 

1 

1 

'2 

3 

5 

7 

10 

13 

18 

23 

30 

1 


viz. suppose the numbers in the second 4-line known : then simply moving 
these each five steps onward we have the (auxiliary) numbers of the first 
5-lme ; and thence by a mere addition the required series of numbers shown 
by the second 5-lino. And similarly from this is obtained the second 6-line, 
and so on. 

35. More extensive tables are contained in the memoir 

Marsano, Sulle legge delle derivate generalc delle funzione di funzione 
et sulla teoria delle forme di partizione dei numeri intieri/’ (4°, Genova, 1870), 
pp. 1-281 ; and three tables paged separately, described merely as Tavoh 
dei numeri e, e citate nel testo coUe indicazioni di Tavole I., II., III., 

ai n‘ 77, 79, 81 y viz. the reader is referred to those articles for the ex- 
planations of what the tabulated functions are ; and there is not even then 
any explicit statement, but the investigation itself has to be studied to make 
out what the tables are. It is, in fact, easier to make this out from the 
tables themselves ; the explanation is as follows : — 

Table I. (16 pages) is, in fact, Euler’s table, showing in how many ways 
the number n can be made up with the parts 1, 2, 3 . . . m ; but the extent 
is greater, viz. n is from 1 to 103, and m from 1 to 102. The auxiliary 
numbers given in Euler’s table are omitted, as also certain numbers which 
occur in each successive line ; thus a specimen is 


n= 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Co,. 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c,„ 


1 

1 

1 

1 

1 

1 

1 

1 

1 

C.,„ 



2 

2 

3 

3 

4 , 

4 

5 

5 

Co,. 




3 

4 

5 

7 

8 

10 

12 

C.,„ 





5 

6 

9 i 

11 

15 

18 


&c. 


where the line C 4 ,„ (wairs of making up n with the parts 1, 2, 3, 4) is 1, 1, 
2, 3, 5, 6, 9, 11, 15, 18, &c., viz. we read from the comer diagonally down- 
‘wards as far as the 5, and then horizontally along the line : this saves a 
large number of figures. The table is printed in ordinary quarto pages, 
which are taken to come in in tiers of seven, five, and three pages one under 
the other, as shown by a prefixed diagram; and the necessity of a large 
folding plate is thus avoided. 

The successive lines give, in fact, the coefficients in the expansions of 
111 1 

each expanded as far as 
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Table II. (6 pages). The successive lines give the coefficients in the ex- 
pansions of 

^ 8 S 8 

8, 


where 


1-0?’ l-o?.l — 1- 
1 


S=- 


- .... ad. inf., 


each expanded as far as and further continued as regards the first ten 
lines, that is, the expansions of 

g _S 8 S 

’ 1—0?’ i — 0? . 1 — * * * 1 — .r . 1 ->o?^. . . . 1—0?*^’ 

each as far as 

Table III. (2 pages). The successive linos give the coefficients in the ex- 
pansions of 

, 8=^ 8 

’ 1 — 0 ?’ 1 — 0 ?. 1 — 07 ^* * ‘ * 1 — 0 ?. 1 — 07 ^ . . . 1 - 0 ?'^’ 

each expanded as far as o?®\ 

36. As regards Tables II. and III., the analytical explanations have been 
given in the first instance ; but it is easy to see that the tables give numbers 
of partitions. Thus in table II. the second lino gives the coefficients in the 
development of 2 

(l-o?)"(l-o?‘0(l-o?"). .7. ’ 

viz. these are 1, 2, 4, 7, 12, 19, 30 .... , being the number of ways in which 
the numbers 0, 1, 2, 3, 4, &c. respectively can be made up with the parts 
1, 1', 2, 3, 4, &c. ; thus 

Partitions. 1^0.= 


1 


1 

1' 


2 

1 , 1 

1 , V 


3 

2,1 
2, r 
1 , 1,1 
1, 1, r 
1, r, 1' 
i\ r, r 


&c. 


&c. 


and similarly the third line shows the number of ways in which these 
numbers respectively can be made up with the parts 1, 1', 2, 2', 3, 4, 6, &c ; 
the fourth line with the parts 1, 1', 2, 2', 3, 3', 4, 5, &c.; and so on. 

And in like manner in Table III, the first line shows the number of ways 
when the parts are 1, 1', 2, 2', 3, 3' .... ; the second line when they are 
1, 1', 1", 2, .2', 3, 3' . . . . ; the third when they are 1, 1', 1", 2, 2' 2", 3, 3', 
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It is clear that the series of tables might be continued indefinitely, viz. 
there might be a table lY. giving the developments of 

S® 8' 

S^■:; , 1 7 , and so on. 

An interesting table would be one composed of the first lines of the above 
series, viz. a table giving in its successive lines the developments of 8, 8^ 8^ 
8*, &c. 

There are throughout the work a large number of numerical results given 
in a quasi-tabular form ; but the collection of these, with independent expla- 
nations of the significations of the tabulated numbers, would be a task of 
considerable labour. 


Art. 5. [F. 15. Quadratic forms a^+b'^ dfc,, and Partitions of Numbers into 
squares^ cubes, and hiquadrates.'] 

37. The forms here referred to present themselves in the various complex 
theories, thus = ={a-{-hi){a — hi); this means that in the theory" 

of the complex numbers a -f- hi {a and h integers) N is not a prime, but a 
composite number. It is well known that an ordinary prime number ^ 3, 
mod. 4, is not expressible as a sum being, in fact, a prime in the 

complex theory as well as in the ordinary one, but that an ordinary prime 
number ^ 1, mod. 4, is (in one way only) so that it is in the 

complex theory a composite number. A number whose prime factors are 
each of them ~ 1, mod. 4, or which contains, if at all, an even number of 
times any prime factor =:h 3, mod. 4, can bo expressed in a variety of ways 
in the form but these are all easily deducible from the expressions 

in the form in question of its several factors 1, mod. 4, so that the re- 
quired table is a table of the form ^ = p an ordinary prime number 

= 1, mod. 4 : a and h are one of them odd, the other even ; and to render 
the decomposition definite a is taken to be odd. 

viz. decomposition of the primes of the form 4w4-l into the 
sum of two squares, a table extending from p = 5 to 11981 (calculated by 
Zornow) is given 

Jacobi, Crelle, t. xxx. (1846), pp. 174-17G. 

This is carried by Eeuschle, as presently mentioned, up to p = 24917. 
Beusohle notices that 2713 = 3“^ 4-52'^ is omitted, also 0997=39^4-74^, and 
that 8609 should be =47^30'^ 


38. Similarly primes of the form 6n -}- 1 are expressible in the form 
jp=a*4-36^. (Observe that u) being an imaginary cube root of unity, this 
is connected with p' = (« + hta) {a -j- 5w^), = d -~db h\ viz. we have 

(2a — 5)^ 4“ 36“ ; or the form a‘‘^-l-36'^ is connected with the theory of the 
complex numbers composed of the cube roots of unity.) 

viz. decomposition of the primes of the form Gn+l into the 
form a“4-36“. A table extending from p^7 to 12007 (calculated also by 
Zornow) is given 

Jacobi, Crelle, t. xxx. (1846), ut supra, pp. 177-179. 

This is carried by Ileuschlo up to ^=13369, and for certain higher num?- 
bers up 49999, as presently mentioned. Eeuschle observes that 6427=80“ 
4-3 . 3“ is by accident omitted, and that 6481 should be = 41“ 4-3 . 40“. 

39. Again, primes of the form 8n -f 1 are expressible in the form ^ = a“ -f- 26“ 
(or say =3c“4-2c?“), the theory being connected with that of the complex 


numbers composed with the 8th roots of unity (fourth root of 
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; viz. decomposition of primes of the form 8n-f 1 into the form 
c^-{-2(f, A table extending from 16 to 5943 (extracted from a M8. table 
calculated by Struve) is given 

Jacobi, Crelle, t. xxx. (1846), ut supra, p. 180. 

This is carried by Eeuschle up to 12377, and for certain higher num- 
bers up to 24889, as presently mentioned. 

40. Ileusohle’s tables of the forms in question are contained in the work : — 
Reuschle, ‘ Mathematische Abhandlung &c.^ (see aa/e No. 15), under 
the heading “B. Tafeln zur Zerlegiing der Primzahlen in Quadrate^’ 
(pp. 22-41). They are as follows : — 

Table III. for the primes 6n -fl. 

First part gives j?==A^4-3B‘^ and 4p=L'-f 27M% fromp=7 to 5743. 

Table gives A, B, L, M ; and those numbers which have 10 for a cubic 
residue are distinguished by an asterisk. 


A specimen is 


p A B L M 

37^^ 5 2 11 1 ' 


viz. 37=5^+3.2^148 = 1^4-27.1“; and asterisk shows that a’^~+10 
(mod. 37) is possible [in fact 34^=10 (mod. 37)]. 

Second part gives ^^=A‘^+3B^ only, from p = 5749 to 13669. 

Tabic gives A, B and asterisk as before. 

Third part gives ^j = A'+3B'*, but only for those values of p which have 
10 for a cubic residue (viz. for which = 10 (mod. p) is possible), from 
p= 13689 to 49999. 

Table gives A, B ; asterisk, as being unnecessary, is not inserted. 

Table lY. for the primes 4n-\- \ in the form A^+B^, and for those which 
arc also 8n+l in the form C‘+2D^ 

First part gives p = A^ + B^ ■=C'‘ + 2D'‘, fromp = 5 to 12377. 

Table gives A, B, C, D ; and those numbers which have 10 for a biquadratic 
residue (.a/ ^10 (mod. p) possible) are distinguished by an asterisk; those 
which have also 10 for an octic residue (;i?'^~10 (mod. ^)) possible) by a double 
asterisk. 

... p A B C D 

A specimen is 

^ 229 15 2 — — 

233 13 8 15 2 

241** 15 4 13 6 

Second part gives p=A“+B'^, from p = 12401 to 24917 for all those values 
of p which have 1 0 for a biquadratic residue (.r^ ^10 (mod. p) possible). 

Table gives A, B ; and those values of p which have 10 for an octic lesi- 
due, 0 (mod.p) possible, arc distinguished by an asterisk. 

Third part gives ^> = C^ + 2D“, from p = 12641 to 24889 for all those values 
of p which have 10 for a biquadratic residue. 

Table gives C, D ; and those values ofp w+ich have 10 as an octic residue 
are distinguished by an asterisk. 

41. A table by Zornow, Crelle, t. xiv. 1835, pp. 279, 280 (belong to Me- 
moir ‘De Compositione numerorum e Cubis integris positivis,^ pp. 276-280), 
shows for the numbers 1 to 3000 the least number of cubes into wdiich each 
of these numbers can bo decomposed. Waring gave, without demonstration, 
the theorem that every number can be expressed as the sum of at mest 
9 cubes. The present table seems to show that 23 is the only number for 
which the number of cubes is =9 (=2 . 2^+7 . 1“) ; that there are only 
fourteen numbers for which the number of cubes is = 8, the largest of these 
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being 454 ; and hence that every number greater than 454 can be expressed 
as a sum of at most 7 cubes ; and further, that every number greater than 
2183 can be expressed as a sum of at most 6 cubes. A small subsidiary 
table (p. 276) shows that the number of numbers requiring 6 cubes gradually 
diminishes — e. g, between 12^ and 13^ there are seventy-five such numbers, 
but between 13^ and 14® only sixty-four such numbers ; and the author 
conjectures “ that for numbers beyond a certain limit every number can be 
expressed as a sum of at most 5 cubes.’^ 

42. For the decomposition of a number into biquadratos we have 
Bretschneider, “ Tafeln fur die Zerlegung der Zahlen bis 4100 in Bi- 
quadrate.” Crelle, t. xlvi. (1853), pp. 3-23. 

Table I. gives the decompositions, thus : — 


N l^ 

2^ 

,3‘, 

4^ 5^ 

696 6 

1 

2 

2 

3 

2 

5 

1 

0 

3 

8 



viz. 696=6. r+1. 2^+2. 3^ 4-2. 4S &c. 

And Table II. enumerates the numbers which are sums of at least 2, 3, 4 
.... 19 biquadrates ; and there is at the end a summary showing for 
the first 4100 numbers how many numbers there are of these several 
forms respectively : 28 numbers are each of them a sum of 2 biquadrates, 
75 a sum of 3, .... 7 a sum of 19 biquadrates. The seven numbers, each of 
them a sum of 19 biquadrates, are 79, 159, 239, 319, 399, 479, 559. 

Art. 6. [F. 16. Binary^ Ternary^ ^c. quadratic and higher forms J] 

43. Euler^ worked with the quadratic forms (icv^±^cy" {p and q integers), 
particularly in regard to the forms of the divisors of such numbers. It will 
be sufiicient to refer to his memoir : — 

Buler, “ Theoremata circa divisoros numerorum in h^ form&pa® oon- 
tentorum ” (Op. Arith. Coll. pp. 35-61, 1744), containing fifty-nine theorems, 
exhibiting in a quasi -tabular form the linear forms of the divisors of such 
numbers. As a specimen : — 

^^Theorema 13. Numerorum in hdc forma contentorum divisores 

primi omnes sunt vel 2, vcl 7, vcl in una sex formularum 

28m+l, 28m-l-ll, 

28m+9, 28m 4 15, 

28m 4 25, 28m 4 23, 

seu in un& harum trium 14m 4 1 , 

14m 4 9, 

14m 4 11 

sunt content!;” viz. the forms are the three 14m4l, 14m 4 9, 14m 4 11. 

But Euler did not consider, or if at aU very slightly, the trinomial forms 
n.i7“45.ri/4cy^ nor attempt the theory of the reduction of such forms. This 
was first done by Lagrange in the memoir 

Lagrange, < Mem. de Berlin,' 1773. And the theory is reproduced 

Legendre, ‘ Theorie des Nombres.’ Fails, Ist edit. 1798 ; 2nd edit. 1808, 
§ 8, “ Eeduction de la fonnulo I^“4Myz4]Srz^ k Texpression la plus simple” 
(2nd ed. pp. 61-67). 

44. But the classification of quadratic forms, as established by Legendre, is 
defective as not taking account of the distinction between proper and im- 
proper equivalence ; and the ulterior theory as to orders and genera, and the 
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composition of forms (although in the mean time established by Gauss), are 
not therein taken into account ; for this reaspn the liegendre’s Tables I. 
to VIII. relating to quadratic forms, given after p. 480 (thirty-two pages not 
numbered), are of comparatively little value, and it is not necessary to refer 
to them in detail. 

The complete theory was established 
Gauss, ‘ Disquisitiones Arithmeticae,’ 1801. 

It is convenient to refer also to the following memoir 
Lejeiine Dirichlet, “llocherches sur diversos applications de T Analyse k 
la theorie des Nombros,” Orelle, t. xix. (1839), pp. 338, as giving a succinct 
statement of the principle of classification, and in particular a table of the 
characters of the genera of the properly primitive order, according to the 
four forms D=PS^ Pr~T or 3 (mod. 4), and D™2PS^ or 3 (mod. 4) 
of the detorminant. 

45. Tables of quadratic forms arranged on the Gaussian principle are given 
Cayley, Crelle, t. lx. (1862), pp. 357-372 ; viz. the tables are — 

Table 1. des formes quadratiques binaires ayant pour determinants les 
nombres negatifs depuis D= — jusqu’a D= —100. (Pp. 360-363.) 

A specimen is 


D 

Classes. 

a 

/3 

d 

e 

j Be 

Cp 

= 26 1, 

, 0, 20 

* + 




+ 

1 

3 

, -1, 9 

+ 




H- 


3, 

, 1, 9 





+ 

9' 

5, 

, 2, 0 



1 





9 

2. 

, 0, 13 

— 




— 

if' * 

K 

-2, 6 

— 

1 



— 

.<7^ j 


where a, (3 denote, as there explained, the characters in regard to the odd 
prime factors of D ; 3, e, de those in regard to the numbers 4 and 8. The 
last column shows that the forms in the two genera respectively are 1, g* 
and g, g^, where f/®=l, viz. the form g six times compounded, gives the 
principal form (1, 0, 26). 

Table II. des formes quadratiques binaires ayant pour determinants les 
nombres positifs non-carres depuis D = 2 jusqu’^ I) =99. (Pp. 364-369.) 

The arrangement is the same, except that there is a column Periodes ’’ 
showing in an easily understood abbreviated form the period of each form. 
Thus D = 7, the period of the principal form (1, 0,-7), is given as 
1, 2 . —3, 1 , 2, 1 , —3, 2 , 1, which represents the series of forms (1, 2, —3), 
(-3, 1,2) (2,1, -3), (-3, 2,1). 

Table III. des formes quadratiques binaires pour les treize determinants 
negatifs irreguliers du premier millier. (Pp. 370-372.) 

Arrangement the same as in Table I. It may be mentioned that the 
thirteen numbers, and the forms for the principal genus for these numbers, 
respectively are ; — 

— D= Principal genus. 

576, 580, 820, 900 (1, e")(l, e;^) 

884 a, ^)(1, i\ 1*0 

243, 307, 339, 459, 675, 891 (1, d, d[^)(l, c?,. d^) 

755, 974 (1, d, d^l, dl d,%l, 
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where e^r=e/ = ], i®=l, viz. (1, e^)(l, <»i^) denotes four forms, 

1, ^ 9 ^19 ; and so in the other cases. 

46. Gauss must have computed quadratic forms to an enormous extent ; 
but, for the reasons (rather amusing ones) mentioned in a letter of May 17, 
1841, to Schumacher (quoted in Prof. Smith’s Keport on “ The Theory of 
Numbers,’^ Brit. Assoc. Eeport for 1862, p. 526), he did not preserve his re- 
sults in detail, but only in the form appearing in the 

“ Tafcl der Anzahl der Classen bindrer quadratischor Formen,” Werlce^ t. ii. 
pp. 451-475 ; see editor’s remarks, pp. 497-499. 

This relates almost entirely to negative determinants, only three quarters 
of p. 475 and p. 476 to positive ones ; viz. for negative determinants it gives 
the number of genera and classes, as also the index of irregularity for the 
determinants of the hundreds 1 to 30, 43, 51, 61, 62, 63, 91 to 100, 117 to 
• 120 ; then in a different arrangement for the thonsands 1, 3 and 10, for the 
first 800 numbers of the forms — (15n + 7) and — (15^+13) ; also for some 
very large numbers, and for positive determinants of the hundreds 1, 2, 3, 9, 
10, and some others. 

A specimen is Centas I. 

GIL (58).... (280) 

1. 5, 6, 8 
9, 10, 12 

13, 15, 16 
18, 22, 25 
28, 37, 58 

2. 14, 17, 20 
32, (fee. 

Surama 233 .... 477 

Irreg. 0 Imp. 74 

viz. this shows (as regards the negative determinants 1 to 100) that the 
determinants belonging to G II. 1, viz. those "which have two genera each of 
one class, are 5, 6, 8, 9, &c. (in all fifteen determinants) ; those belonging to 
G II. 2, viz. those which have two genera each of two classes, are 14, 17, 20, 
&c., and so on. The bead numbers (58) . . (280) show the number of deter- 
minants, each having two genera, and the number of classes \ thus, 

GIL 1x15= 15 
2x17= 34 
3x17= 51 
4x 6= 24 
5x 2= 10 
6x 1= 6 

58 140 
xll 
=280 

and the bottom numbers show the total number of genera and of classes, 
thus. 

G 1. 17x1= 17 61 
IL 68x2 = 116 280 
IV. 25x4=100 136 


100 


233 477 
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viz. seventeen determinants, each of one genus, and togethet of sixty-one 
classes; fifty-eight determinants, each of two genera, and together of 280 
classes ; and twenty-five determinants, each of four genera, and together 136 
classes, give in all 233 genera and 477 classes : these are exclusive of 74 
classes belonging to the improperly primitive order ; and the number of 
irregular deteiminants (in the first hundred) is =0. 

The irregular determinants are indicated thus ; — 

243(^3^) 

307(*3*) 339(^3*) 

459(*) 

576(*^2*) 580(*2*) 

675(*3'^) 

755(*3») 

891(*3*) 820(*2*) D00(*2^) 884(*2*) 974(*3*) 

*3* 243, 307, 339, 459?, G75, 755, 891, 

*2^ 576, 589, 820, 884, 900, 974, 

which is a notation not easily understood. 

As regards the positive determinants, a specimen is 

Centas I. 

Excedunt determinantis 
quadrat! 10. 

GI (12) 

1. 2, 5,13 
17, 29, 41 
53, 61, 73 
89, 97 
3. 37 

viz. in the first hundred the positive determinants having one genus of one 
class are 2, 5, 13, &c. . . (eleven in number) ; that having one genus of three 
classes is 37 (one in number), 114-1 = 12. The irregular determinants, if 
any, are not distinguished. 

47. Binary cubic forms. — The earliest table is 

Arndt, “ Tabelle der reducirten binaren kubischen Eormen und Klassen 
fur alle negativen Determinanten — D von I)=3 bis D=2000.’^ Griinerfs 
Archiv, t. xxxi. 1858, pp. 369-448. 

The memoir is a sequel to one in t. xvii. (1851). The binary cubic form 
(a, 6, c, d) of determinant — D( = (ic— ac?)* — 4(6^— ac)(c'‘^— 6c?)) is said to be 
reduced when its characteristic 0,=(A,B,C), =(2(6®— ac),6r — ac?,2(c*— 6c?)) 
is a reduced quadratic form, that is, when in regard to absolute values B is 
not >|A, C not < A. 

A specimen is 

D Eeduced forms with characters. Classes. 

44 ( 0 , 1 , 0 , - 11 ) ( 1 , - 1 , ~ 2 , 0 ) ( 0 , - 1 , 0 , 11 ) ( 0 , - 2 , ± 1 , 1 ) 

( 2 , 0 , 22 6 , 2 , 8 ) 

Two subsidiary tables are given, pp. 351, 352, and 353-368, 

48. It appeared suitable to remodel a part of this table in the manner made 
use of for quadratic forms in my tables above referred to, and it is accordingly 
divided into the three tables given 
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Cayley, Quart. Math. Journ. t. xi. (1871), where the notation &c. is 
explained, pp. 251-261 ; yiz. these are 

Table I. of the binary cubic forms, the determinants of which are the 
negative numbers = 0 (mod. 4) from —4 to —400 (pp. 251-258). 

A specimen is 


Det. 

Classes. 

Order. 

Charact. 

Comp. 

4- xll. 

0,-1, 0,11] 

on 

1, 0, 11 

1 


0, -2, -1, 1 

^pp pp 

3, 1, 4 

d 


0, -2, 1, 1 


3,-1, 4 

d\ 


Table II. of the binary cubic forms the determinants of which (taken 
positively) areEE^l(mod. 4) from —3 to —09 [the original heading is hero 
corrected] ; and 

Table III. of the binary cubic forms the determinants of which are the 
negative numbers —972, —1228, -1336, —1836, and —2700; viz. —972 
— 4x —243,. . . . —2700= 4 X —675, where —243 . . . —675 are the first 
six irregular numbers for quadric forms]. 

4x —675, = —2700 is beyond the limits of Arndt^s tables, and for this 
number the calculation had to be made anew ; the table gives nine classes 
(1, d^){ly d^) of the order ip on pp^ but it is remarked that there may 
possibly be other cubic classes based on a non-primitive characteristic ; the 
point was left unascertained. 

49. The theory of ternary quadratic forms was discussed and partially esta- 
blished by Gauss in the ‘ Disquisitiones Arithmeticse.’ It is proper to recall 
that a ternary quadratic form is either determinate, viz. always positive, such 
as or always negative, such as ; or else it is indeter- 

minate, such as oc^+y^ — z^. But as regards determinate forms, the negative 
ones are derived from the positive ones by simply reversing the signs of all 
the coefficients, so that it is sufficient to attend to the positive forms ; and 
the two cases are practically positive forms (meaning thereby positive deter- 
minate forms) and indeterminate forms ; but the theory for positive forms 
was first established completely, and so as to enable the formation of tables, in 
the work 

Seeber, ‘ Ueber die Eigenschaften dcr positiven temaren quadratischen 
Formen ’ (4to, Freiburg, 1831), 

which is reviewed by Gauss in the ‘ Gott. Gelehrten Anzeigen,’ 1831, July 9 
(see Gauss, Werke, t. ii. pp. 188-193). The author gives (pp. 220-243) tables 
“ of the classes of positive ternary forms represented by moans of the oorre^ 
spending reduced forms for the determinants 1 to 100. A specimen is 


-- G; J: J> (-!: ?> 

)■ ( 5; I; 0. 


Zugeordnete /8, 8, 
Formen \0, 0, 


3 


where it is to be observed that Seeber admits odd coefficients for the terms 
in yZt zee^ oay ; viz. his 

and his determinant is 

Aahc — af — 

Also his adjoint form is 


\2g%^Aaf, 2hf-^4hy, 2fg 


= (46c-/=)^. ... 4^ i2gh^iaf)yz+ . . . 
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In the notation of the ‘ Disqnisitiones Arithmeticoe/ followed by Eisenstein 
and others, 

( /, + 2fyz + 2(jzx + 2hxij ; 

the determinant is 

= — (ahc ~ aj^ — — oA® -f- 2fgh ) , 

a positive form having thus always a negative determinant. And the adjoint 
form is 


' hc—f ^ , ca— g\ ah — h ^ \ _ 
gh-af, hf~hg, fg-ch)^ ~ 


-(hc-f\e 


-2{gli-af)yz 


Hence Seeber’s determinant is = — 4 into that of Gauss, and his tables really 
extend between the values — 1 and — 25 of the Gaussian determinant. 

50. Tables of greater extent, and in the better form just referred to, are 
given 

Eisenstein, Crelle, t. xli. (1851), pp. 169-190 ; viz. these are 

I. ‘‘ Tabelle der eigentlich primitiven positivon ternaren Formen fur alle 
negativen Deteiminanten von —1 bis —100’’ (pp. 169-185). 

A specimen is 


D 

Anzahl. 

Eeducirte Formen fur — D. 

10 

3 

A,l,10\ /1,2, 5\ (2, 2,3\ 

V0,0, o;’ Vo, 0 , 0 /’ Vo, - 1 , o; 

2=8 a=4 2=4 


II. Tabelle der uneigentlich primitiven positiven ternaren Formen fiir 
alle negativen Determinanten von -2 bis - 100” (pp. 186-189). 

A specimen is 


B 


Anzahl. 


Ileducirte Formen fur — I). 


10 I 1 



a=6. 


And there is given (p. 190) a table of the reduced forms for the determinant 
— 385(= — 5.7.11) (selected merely as a largish number with three factors); 
viz. there are in all fifty-nine forms, corresponding to values 3 , 2, 4, 6, 8 of 
It may be remarked that ^ denotes for any given form the number of ways 
in which this is linearly transformable into itself, this number being always 
1, 2, 4, 6, 8, 12, or 24. The theory as to this and other points is explained 
in the memoir (pp. 141-168), and various subsidiary tables are contained 
therein and in the ‘ Anhang’ (pp. 227-242) ; and there is given a small table 
relating to indeterminate forme, viz. this is 

‘‘ C. Yersuch einer Tabelle der nicht aquivalenten unbestimmten (indif- 
ferenten) ternaren quadratischen Formen fiir die Determinanten ohne 
quadratisohen Theiler unter 20 ” (pp. 239, 240). 

A specimen is 


D 

Indifferente temare quadratische Formen. 

10 

i 

\ 

fo, 1,10> 
<0, 0, IJ 

fo, 0, 10 ) 
^0, 0, 1) 

) 

1 

O c/i 

1 
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where, when the determinant is even, the forms in the second line are 
always improperly primitive forms. 

Art. 7. [F. 17. Complete Theories.'] 

51. The theory of binary quadratic forms (a, h, r), with complex coefficients 
of the form a+/3i (i= V — 1 as usual, ql and ^ integers), has been studied by 
Lejeune Dirichlet, Prof. H. J. S. Smith, and possibly others ; but no tables 
have, it is believed, been calculated. The calculations would be laborious ; but 
tables of a small extent only would be a sufficient illustration of the theory, 
and would, it is thought, be of great interest. 

The theory of complex numbers of the last-mentioned form a+/32, or say of 
the numbers formed with the fourth root of unity, had previously been studied 
by Gauss ; and the theory of the numbers formed with the cube roots of unity 
w^+a)4-l=t), « and /I integers) was studied by Eisenstein; but 
the general theory of the numbers involving the nth roots of unity (n an odd 
prime) was first studied by Kummer. It will be sufficient to refer to his 
memoir, 

Kummer, “ Zur Theorie der complexen Zahlen,’’ Borl. Monatsb. March 
1845 ; and Crelle, t. xxxv. (1847), pp. 319-326 ; also “ Ueber die Zer- 
legung der aus Wurzeln der Einheit gebildeten complexen Zahlen in 
ihre Primfactoren,” same volume, pp. 327-367, 
where the astonishing theory of ** Ideal Complex Numbers ” is established. 

52. It may be recalled that, p being an odd prime, and p denoting a root of 

the equation . . .-|-p-fl==0; then the numbers in question are those 

of the form a 4- . . . . + where (a, 6 ... . Jc) are integers; or (what is in one 

point of view more, and in another less, general) if r;, are periods” 

composed with the powers of p (e any factor of ^ — 1), then the form con- 
sidered is For any value of p ox e there is a corre- 

sponding complex theory. A number (real or complex) is in the complex 
theory prime or composite, according as it does not, or does, break up into 
factors of the form under consideration. For p a prime number under 23, 
if in tho complex theory N is a prime, then any power of N (to fix the ideas 
say N®) has no other factors than N or N'^ ; but if ^=23 (and similarly for 
higher values of p), then N may be such that, for instance, N^ has complex 
factors other than N or N^ (for ^=23, N=47 is the first value of N, viz. 
47® has factors other than 47 and 47“) ; say N® has a complex prime factor A, 
or we have 5/ A as an ideal complex factor of N. Observe that by hypo- 
thesis N is not a perfect cube, viz, there is no complex number whose cube 
is = A. In the foregoing general statement, made by way of illustration only, 
all reference to the complex factors of unity is purposely omitted, and the state- 
ment must be understood as being subject to correction on this account. 

What precedes is by way of introduction to the account of Reuflclile’s 
Tables (Berliner Monatsberichte, 1859-60), which give in the different com- 
plex theories ^=5, 7, 11, 13, 17, 19, 23, 29 the complex factors of the 
decomposable real primes up to in some cases 1000. 

It should be remarked that the form of a prime factor is to a certain ex- 
tent indeterminate, as the factor can without injury be modified by affecting 
it with a complex factor of unity ; but in the tables the choice of the repre- 
sentative form is made according to definite rules, which are fully explained, 
and which need not be here referred to.^ 

53. The following synopsis is convenient : — 







Extent 




Form of real 

No. of factors 

of 



H 

prime to 

in complex 

table ; 
all 

Equation of periods. 


§t 

mod p = 

theory. 

primes 

under 

1859. 

5 

1 

4 

2500 

a*+ .... +®"f‘l— 0. 

481^91. 


4 

2,3 

2 (not tabulated) 
prime. 


y^-fy~l=0. 

694-697. 

7 

1 

6 

1000 

a® +a+l=0. 



6 

3 


y3^ya_2y-l=0. 



2,4 

2 


y3 4.^ 4-2=0. 



3, 5 

prime. 



1860. 

11 

1 

10 

1000 

a’®.. .-}-a-f-l=0. 

195-i94. 


10 

5 


= 0. 



3, 4, 5, 9 

2 


^2 4.y4_3_o. 



2, 6, 7, 8 

1 


194-199. 

13 

1 

12 

1000 

a’^...-fa-fl=0. 



12 

6 


y 4.^5 _ 5^4 _ 4y3 4.0^2 4.3^ 






-1=0. 



3,9 

4 


y ‘ -^-y^ +2^“^ - 4^-f-3 = 0. 



5, 8 

3 


— 4y 4* 1=0. 



4, 10 

2 


y‘^4->_3=0. 



2, G, 7,11 

prime. 


714-719. 

17 

1 

16 

1000 

.4-a-fl=0. 



IG 

4, 13 

8 


f^y'— 'iy'" — 6^'* +• 1 ‘ 
+ioy’-ioy'‘-%+i=o. 



4 





2, 8, 9, 15 

3, 5, 0,7,11,12, 

2 

prime. 


y24.y«4=0. 



14 



719-725. 

19 

1 

18 ‘ 

1000 

a'«.. .4-a-fl=0. 



18 

9 


yo 4_y8 _ 8y7 _ 7^0 4.21y» 

+15y-2V-10y'*+5y 



7, 11 



4-1 ==0. 



G 


yB ^^5 4- - 8y3 4.^ 



8, 12 



-f7«0. 



3 





4,5, 6, 9, 13, 17 
2, 3, 10, 13, 14, 

2 

prime. 


y2 4.y4.5 = 0. 



15 



725-729. 

23 

1 

22 

1000 

. . . 4*a-hl “0. 



22 

11 


yll 4-y^O_lQ^»__gy8 4.30yT • 

+ 28^® — 56y ® — 35y * 



2, 3, 4, 6, 8, 9, 



+35^3 4.15^2 



2 


y^4-y 4-6=0. 



12,13, 16,18 
?5, 7, 10,11,14, 

prime 





15, 17, 19, 20, 
21 

1 



729-734. 

29 

1 

28 

1000 

a2^...+a4-l=0. 



28 

14 


yl i 4-y 13 _ 13yl2 — 12y' ^ 






4-66y’04-55/-16£^ 






-my^+210!y«4-126y’ 

-126^^-56/4-28^* 



12, 17 

7 


4-7^- 1=0. 

yT4-y5^_12y*~7yl+28j^3 



7, 16.20,23, 24, 
25 

4 


4- 1^*— 94-y 4- 1 =0. 
y*4-/4-4y*-f 20^4-23=0. 



4, 5, 6, 9, 13, 22 

' 2 


y2 4.y-7«0. 



2, 3, 8, 10. 11, 

prime. 
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The foregoing synopsis of Eeiischle’s tables in the ‘ Berliner Monatsberichte’ 
•was written previous to the publication of Eeuschle^s far more extensive 
work. It is allowed to remain, but some explanations which were given 
have been struck out, and were instead given in reference to the larger work. 

Reuschle, Tafeln complexer Primzahlen welche aus Wurzeln der Einheit 
gebildet sind.’^ Berlin, 4° (1875), pp. hi-vi and 1-667. 

This work (the mass of calculation is perfectly wonderful) relates to the 
roots of unity, the degree being any prime or composite number, as presently 
mentioned, having all the values up to and a few exceeding 100 ; viz. the 
work is in five divisions, relating to the cases 

I. (pp. 1-171), degree any odd prime of the first 100, viz. 3, 5, 7, 11, 
13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67. 71, 73, 79, 
83, 89, 97; 

II. (pp. 173-192), degree the power of an odd prime 9, 25, 27, 49, 81 ; 

III. (pp. 193-440), degree a product of two or more odd primes or their 

powers, viz. 15, 21, 33, 35, 39, 45, 51, 55, 57, 63, 65, 69, 75, 77, 
85, 87, 91, 93, 95, 99, 105; 

IV. (pp. 441-466), degree an even power of 2, viz. 4, 8, 10, 32, 64, 128; 

y. (pp. 467-671), degree divisible by 4, viz. 1 2, 20, 24, 28, 36, 40, 44, 

48, 52, 56, 60, 68, 72, 76, 80, 84, 88, 92, 96, 100, 120 ; 


the only excluded degrees being those which are the double of an odd prime, 
these, in fact, coming under the case where the degree is the odd prime 
itself. 

It would be somewhat long to explain the specialities which belong to 
degrees of the forms II., III., IV., V. ; and what follows refers only to 
Division I., degree an odd prime. 

For instance, X = 7, X — 1=2*3, the factors of 6 are 6, 3, 2, 1; and there 
are accordingly four divisions, 


I. a a prime seventh root or root of + + + 1 = 0 . 

II. ,„=a+a-Sii.=a'‘ + a-*,j),= a' + a-V 

ij a root of = 0 I 

L V0V2 Otc. 

III. or V a root of 4-17-1-2=0. 

lY. Eeal numbers. 


L p = 7m-f-l. (1) gives for the several prime numbers of this form 29, 43 
.... 967 the congruence roots, mod. p ; for instance, 


p 

a a* a® a" 

a* 

a® 

29 

_ 5 _4 -9 -13 

4- 7 

-6 

43 

4-11 -8 -2 4-21 

+ 16 

+4 

this means a~ 

—■5 (mod. 29) ; then a^~25, 4, 

afe20,~ 

-9, &o,, values 


which satisfy the congruence a® 4- a® + 4- a® + 4- a + 1^0 (mod. 29). 

(2) gives under the simple and the primary form the prime factors /(a) 
of these same numbers 29, 43 ... . 967 ; fw instance, 

p /(a) simple. /(a) primary. 

29 a4-a‘*-a® 2 4- 3a - o’* -}- 5a® - 2aH 4a* 

43 a“ + 2a® 2q -- 2aH 4a"- a® ~ 5a®. 

The definition of a primary form is a form for which /(a) f(a~^) =/(l)® 
mod. X, and/(a)^/(l) mod. (1 — a)*. The simple forms are also chosen so 
as to satisfy this last condition ; thus /(a)=a + a^— a*, then /(I) —/(a)* 
1 — a — + — (1 ~“‘0 (1 +o)i mod. (1 — a)‘. 
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II. ^ Be 7m— 1. (1) gives for the several prime numbers of this form 13, 
41 ... . 937 the congruence roots, mod. p ; for instance, 


P 

13 

41 





- 6 
+ 14 


^2 


6 


-11 


and (2) gives under the simple and the primary forms the prime factors /(?y) 
of these same numbers 13, 41 . . . .937 ; for instance, 

P /(»?) simple. f{ri) primary. 

1 ^ 3-i-7»7j 

41 4+ 7 !^ -Il-f7ui~7i?2. 

Thus 13=(i7Q+2r72)(»/,+2?y^)(»?2+^»7i)i easily verified; the product of 

first and second factors is =4+3)7^-f Sr;, and then multiplying by the 
third factor result is 42-\~29(riQ-\-rj.J^ =13. 

III. jo = 7m4-2or7m+4. (1) gives for the several prime numbers of this 
form 2, 11, .... 991 the congruence roots, mod. p ; for instance, 


11 4 -5 


and (2) gives the primary prime factors f(ri) of those same numbers : — 

p m 

2 % 

11 1 - 2 ,,. 

lY. j?=7m4-3 or 7m4-5. The prime numbers of these forms, viz. 3, 6, 
17, 19 .... 997, are primes in the complex theory, and are therefore simply 
enumerated. 

The arrangement is the same for the higher prime numbers X = 23 &o., 
for which ideal factors make their appearance, but it presents itself under a 
more complicated form. Thus X = 23, X — 1 = 2 . 11, and the factors of 22 are 
22, 11, 2, 1. There are thus four sections. 

I. a a prime root, or a^^ + a^^ . . . +a^ + a + ] =0. 

II. rjQ = a4-o~\ .... i7jQ=a^^4* or i; a root of 

+ W .... + W-6i?-l. 

III. i;^=a + a% i;j = a“^ + a~^, or i; a root of ?;*‘^4-i;+6 «= 0. 
lY. Real numbers. 

I. jp=23m+ 1 gives for the prime numbers of this form 47, 139 .... 967 
congruence roots mod. p and also congruence roots mod. p^*; these last 
in the form a^-hp^-cp^ where a is given in the former table; thus first 

i7 6 -11 -19 +8; 

and second table — 

p a a® . . . . 

47 +p-2p'^ +13p-2^* 4.19 jp~. 8/ +22n+22/>*, 

The meaning is that, p = 47, the roots of the congruence 

a;“+a^i+ .... 4.a^4-a + 1^0 (mod. 47^ 
are a®= — 11-hl^ — 23^^ &c. 

* Where, as presently appearing, 3 is the index of ideality or power to which the ideal 
factors have to be raisea in order to become actual. 
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I. (2) then gives /(a) the actual ideal prime factor of these same prime ® 
47, 139 .... 967 ; viz. the whole of this portion of the table X= 23, 1. (2) is, 
having actual prime factors, 

P fi«) 

699 a +a"’-a” 

691 aHa"+a“ 

829 a'+a'+a"; 


having ideal factors, their third powers actual, 

P /’(a) 

47 a* + o’ + o“ + a*"+a'‘-a'‘“ + a“ 

277 a“-a*-a“+a’-a'“-a“-a"+a*‘ + a“ 

461 a -a“ + «’’-a‘4«'‘-2a*’ 

967 a^-a^-a“ + a'‘’+a”-2a"’ + a‘’ + a'". 

I repeat the explanation, that for the number 47 this moans /(a)/(a“) .... 

/(a“)=4r. 

And the like further complication presents itself in the part III. of the 
same table, A =23 (not, as it happens, in part II., nor of course in the con- 
cluding part IV., which is a mere enumeration of real primes); thus III. (1) 
we have congruences (mod. p^), 

f)=2, n=— 2 , 2 >=S, ?>„= +12, &c. ; 


and having actual prime factors, 

P /(’») 

69 6-2n. 

101 1 - 4 ,,; 


and having ideal prime factors, their third powers actual, 

V P(r,) 


m 


as regards these last the signification being 

2='=(l-,, )(!-,,), ,„+,.= -1, )j„,,=6 (as is at once verified), 
3»=(l-20(l-2,.); 

but the simple numbers 2, 3 are neither of them of the form («+i',o)(a+6,,). 
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'Report of the Committee^ consisting of W. Spottiswoode, F,R,S,, 
Professor Stokes^ F,R.S., Professor Cayley^ F,R,S,, Professor 
Cliffokd^ F,R.S,, and J. W. L. Glaisheb^ F,R,S.^ appointed to 
report on Mathematical Notation and Printing, with the view of 
leading Mathematicians to prefer in optional cases such forms as 
are more easily put into type, and of promoting uniformity of 
notation. 

With a view to the questions referred to them for consideration, your Com- 
mittee have made inquiries into the nature and processes of mathematical 
printing, and the difficulties attendant thereon ; and it appears to them that 
a statement of the results of these inquiries will form the best introduction to 
the suggestions which they have to make. 

The process of composition ” of ordinary matter consists in arranging 
types uniform in height and depth (or body’’ as it is termed) in simple 
straight lines. The complications peculiar to mathematical matter are mainly 
of two kinds. 

First, figures or letters, generally of a smaller size than those to which 
they are appended, have to be set as indices or suffixes ; and consequently, 
except when the expressions are of such frequent occurrence as to make it 
worth while to have them cast upon typo of the various bodies with which 
they are used, it becomes necessary to fit these smaller types in their proper 
positions by special methods. This process, which is called “ justification,” 
consists either in filling up the difference between the bodies of the larger 
and smaller types with suitable pieces of metal, if such exist, or in cutting 
away a portion of the larger, so as to admit the insertion of the smaller 
types. 

The second difficulty arises from the use of lines or “ rules ” which occur 
between the numerator and denominator of fractions, and (in one mode of 
writing) over expressions contained under radical signs. In whatever part 
of a line such a rule is used, it is necessary to fill up, or compensate, the 
thickness of it throughout the entire line. When no letters or mathematical 
signs occur on a line with the rule the process is comparatively simple ; 
but when, for example, a comma or sign of equality follows a fraction, or a 
-f- or — is prefixed to it, the middle of those types must be made to range 
with the rule itself, and the thickness of the rule must bo divided, and half of 
it placed above and half below the type. 

The complications above described may arise in combination, or may be 
repeated more than once in a single expression ; and in proportion as the 
pieces to be ‘^justified” become smaller and more numerous, so do the 
difficulties of the workman, the time occupied on the work, and the chances 
of subsequent dislocation of parts augment. 

The cost of “ composing” mathematical matter may in general be estimated 
at three times that of ordinary or plain matter. 

With a view of illustrating these remarks, we have taken as an example 
an expression of not unfrequent occurrence in mathematics, but of consider- 
able (fifficulty to the printer, and have marked out in compartments the 
different types of which it has to be composed. The shaded parts represent 
the “justification ” spoken of. 

1875. 
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There are many expressions occurring in mathematics which are capable 
of being written in more than one way ; and of these some present much 
greater difficulties to the printer than others. This being so, your Committee 
are of opinion that, instead of making any specific recommendations, the 
most useful course they can take will be to append a table of equivalent 
forms, specifying those which do and those which do not involve justification, 
and also a list of mathematical signs which may fairly be expected to be 
found, in the usual sizes, ready to hand among a printer’s materials. It will, 
of course, be understood that neither one nor other of these is even nearly 
exhaustive. But the specimens here given form the principal elements from 
which others are formed ; and from the explanations given in the earlier 
part of the Eeport the intelligent reader will be able to discriminate in most 
cases between forms difficult and forms easy to be printed. 

In recommending in this qualified way some forms of notation in pre- 
ference to others, your Committee wish it to be distinctly understood that 
they are speaking from the printing, and not from the scientific point of 
view ; and they are quite aware that, even if some of the easier forms should 
bo adopted in some cases, they may still not be of universal application, and 
that there may be passages, memoirs, or even whole treatises in which they 
would be inadmissible. 
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Your Committee are unwilling to close this Report without alluding to the 
advantages which may incidentally accrue to mathematical science by even 
a partial adoption of the modifications here suggested. Any thing which 
tends towards uniformity in notation may be said to tend towards a common 
language in mathematics ; and whatever contiibutes to cheapening the pro- 
duction of mathematical books must ultimately assist in disseminating a 
knowledge of the science of which they treat. 


Mathematical Sions hot inyolvino ‘‘Justification.’’ 


X -f = V ± < > -r 

( [ } .f V 

a flfj fl* <1^ &c., 

Eottivalent Forms. 


InTolring 

.T 

a 

V a? 

^1 x—y 
X . X'^-a 

nvrx 
€ “ 

tan-i.r 

X _y z 
1 m n 


Not inTolving justificatiMi, 
X’-^rCt or x: a 
^x or A’i 
^ X or x^ 

tj{x~-y) or {x—y)^ 

{ 

«) 

exp (nTrx) (a) 
arc tan x 

X : y : z=l : w? : » 


Second Report of the Committee appoimted to inveetigate Intediml 
Secretion, By Dr. Lauder Brunton and Dr. Pye-Smith. 

The experiments carried out by your Committee last year {vide p. 54 of 
Report for 1874) were directed, first, to ascertain the relative effect of 
various neutral salts locally applied to the small intestine ; secondly, to de- 
termine tiie inhibitory action of drugs injected into the circulation in modi- 
fying the above effects ; and thirdly, to ascertain the precise manner in which 
^e intestinal secretion is affected by the nervous system. Referring to the 
Appendices to our last Report for the contributions your Committee were 
able to make towards the solution of the first two of these problems, ouf 



840 


EEPORT — 1875 * 


resent investigations have concerned the question of the innervation of the 
small intestine with regard primarily to its secretion, but also to its nutri- 
tion, its blood supply, and its movements. We had already ascertained that 
the paralytic profuse secretion, after division of the mesenteric nerves, which 
was first observed by Moreau in dogs and rabbits, also occurs in the case of 
cats. 

It remained to ascertain the centre and the channel of the inhibitory 
influence which, according to the best-known analogy, that of the sub- 
maxillary gland, must be supposed to control, under normal conditions, the 
intraparietal vasomotor and secretory ganglia of the small intestine. 

Before relating our own experiments, we may shortly refer to the results 
obtained by previous observers. 

The first facts we have been able to find which bear on the question were 
observed as long ago as 1853 by Ludwig and Haffter who ascertained that 
after dividing the great splanchnic nerves there was no important alteration 
in the intestinal secretion, although a slightly increased degree of moisture 
of the mucous membrane in the upper part of the small mtestine could 
occasionally be remarked ; nor were the peristaltic movements either stopped 
or accelerated. 

In 1856 Samuel published the results of experiments in which he had 
extirpated the solar plexus in dogs, cats, and rabbits. He observed diarrhoea 
in some cases ; and after death (which usually occurred between 12 and 24 
hours) found the upper part of the intestine hypersemic, with occasional 
ecchymoses and shedding of epithelium. The lower half was unaffected ; the 
mucous membrane moist throughout. 

In the same year Pincus performed similar experiments on dogs, cats, and 
rabbits. He also found that after as complete destruction as possible of the 
solar plexus, the mucous membrane of the upper half of the small intestine 
was excessively hyperasmic, with extravasations of blood and ulcerations. 
This observer noticed that hyperaemia of the stomach and duodenum followed 
section of the vagi. On dividing the cord of the sympathetic on the right 
side in four places below the diaphragm, he found the mucous membrane of 
the stomach, small intestine, and csecum very hypereemic, with slight haemor- 
rhage and ulceration, and also extravasation of blood among the muscles of 
the right thigh. The same operation on the left side produced similar, but 
less marked effects. Lastly, the abdominal gangliated cord was divided on 
both sides, and the solar plexus excised. Still more extensive hyperaemia, 
submucous ecchymoses, and haemorrhage into the intestine, with “ disappear- 
ance of whole pieces of mucous membrane,^' were the result. Unlike Samuel, 
Pincus did not observe any increased secretion whatever from the intestinal 
mucous membrane. 

Budge, in 1860, found that extirpation of the semilunar ganglia in rabbits 
produced increased fluidity of the fasces in the caecum and colon. Ho men- 
tion, however, is made of any thing approaching to paralytic secretion in the 
small intestine. 

In the same year Sohiff also observed that, after extirpation of the solar 
plexus in two oats, the faeces appeared somewhat softer and moister than in 
healthy animals. He also found that application of an induced current -to 
the divided splanchnics was followed by contraction of the vessels of the 
stomach and intestine, and anaemia of the chylopoietic viscera, including the 
spleen, which disappeared on removing the stimulus and returned on re- 
applying it. 

* Hafifter, Henle u. Pfeuffer’s Zeitsch. n. F. iv. 3. Samuel, Wien. mod. WochenscAu*. 
80. 1856. 
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Lastly, Adrian, after extirpation (which he admits to have been imperfect) 
of the solar plexus, found no alteration whatever in the vascularity, secre- 
tion, or movements of the intestine. 

Last year your Committee satisfied themselves, by numerous experiments 
detailed in their Report, that division of both right and left splanchnic nerves 
was unattended by haemorrhage, hypertemia, or excessive secretion of the 
intestine. 

Messrs. Lewis and Cunningham, in their valuable report of researches on 
cholera, have confirmed these results in the case of dogs. The same observers 
found in three cases that excision of the left semilunar ganglion, in addition 
to division of the splanchnics, had no positive efiect. 

We have ourselves excised the right, the left, and both semilunar ganglia, 
with division of both splanchnics in each instance, in fourteen experiments, 
and in no case did we find ecchymoses or excessive secretion. The mucous 
membrane was frequently pale and dry, sometimes moist. In one instance 
alone, however, as much as cubic centimetres of pale opalescent fluid were 
found in a loop of the ileum four inches in length. In another case a loop 
of the ileum of the same length, 18 inches from the valve, contained 13 c.‘ c. of 
fluid. The 35 inches between this loop and the pylorus only contained 12 c. c., 
and the mucous membrane throughout was normal. In this case the right 
semilunar ganglion had been completely removed, as was venfied after death, 
but the left ganglion and splanchnic were uninjured. The animal was in 
full process of digestion, and the lacteals and receptaculum chyli were dis- 
tended. It was killed four hours after the operation. 

We have next repeated the experiments of other physiologists, and have, 
like them, observed that section of both pneumogas trie nerves has no effect 
upon intestinal secretion. Since division of the vagi in the neck of the cat 
involves section of the cervical sympathetic, it appeared to your Committee 
that it has been sufficiently demonstrated that the centre regulating the 
intestinal nerves does not lie in the ganglionic cord either in the neck or the 
thorax. 

We therefore next endeavoured to ascertain the effect of destruction of 
the grey matter of the spinal cord, and with this object destroyed the cord 
from the sixth dorsal vertebra downwards, not only by means of a bougie 
passed down the vertebral canal, but also by complete removal of the laminoB 
of the vertebrae and excision of the cord entire. In numerous trials we 
found that this lesion had no effect upon the vascularity or secretion of the 
intestine ; and even when the vagi wore also divided and artificial respira- 
tion maintained, the result was negative. 

Looking, therefore, to the complete character of the experiments which 
have been now carried out on the vagus, the splanchnics, and the spinal 
cord, it would appear to follow, by way of exclusion, that the regulating 
influence conveyed by the nerves divided in Morceau’s experiments must 
arise from some of the ganglia of the great solar plexus. 

That the excision of the semilunar ganglia, in our own hands as in those 
of other experimenters, has been often followed by a negative result is true ; 
but in three cases we obtained good evidence of a consequent paralytic secre- 
tion ; and the difficulty of this operation, as well as the varying number and 
irregular arrangement of the ganglia of the solar plexus in the cat, may not 
improbably explain the more numerous failures. 

It might be supposed, however, that the non-appearance of a paralytic 
secretion from the intestine after destruction, apparently tolerably complete, 
of the solar plexus, while it occurs after division of the mesenteric nerves 
going to a single loop of intestine, might be due to the blood going to any 



843 


EEFOBl? — 1875. 


ane part being insufficdent to supply the material for secretion ; for, in Mor- 
eeau’s experiment, the nerTes going to a part of the intestine only are divided, 
and any relaxation of the vessels of that part which succeeds the operation 
will increase the supply of blood to the intestinal loop operated upon, as the 
vessels in the after parts still retain their normal tone, and the blood naturally 
flows in the direction of least resistance. When, however, the splanchnics, 
which are the chief vasomotor nerves of the intestine, are cut and the solar 
plexus destroyed, the vessels of the whole intestine become dilated and the 
flow of blood through every part languid. 

Such an explanation appears all the more probable from the fact observed 
by Cyon and Aladoff that section of the vasomotor nerves of the liver alone 
increased the flow of blood through the organ and produced diabetes, while 
section of these same fibres was not followed by this result if the intestinal 
vasomotor nerves contained with them in the splanchnics were divided at the 
same time. The reason assigned is that in the former case the blood flowed 
easily through the dilated vessels of the liver, and a proportionately small 
quantity through those of the intestine ; while in the latter, the vessels being 
all dilated, there was not sufficient pressure to keep up an active cinjulatioii 
anywhere. In order, then, to avoid this source of fallacy, your Committee 
repeated their experiments on the section of the splanchnics and excision of 
the solar plexus, but at the same time ligatured the aorta between the mesen- 
teric and renal arteries, so that the pressure in the vessels of the intestines 
might be maintained as nearly as possible normal. These experiments also 
yielded a negative result, so that the failure of the previous series cannot 
have been due to diminished supply of* blood to the intestine. 

Apart from paralytic secretion, a striking result thrice obtained by your 
Committee was the occurrence of extravasations of blood into the mucous 
membrane of a great part of the small intestine, and the exudation of a 
bloody fluid into its lumen, after simultaneous destruction oi the solar plexus 
and of the lower part of the spinal cord (Nos. 18, 19, 20). Although Samuel 
and Pincus had noticed this after destruction of the solar plexus alone, your 
Committee only observed it once, under these conditions, in the case of the 
dog (No. 23) ; while eechymoses and extravasations were absent in all other 
cases, even when they succeeded in obtaining a paralytic secretion of fluid. 
Nor did your Committee observe hemorrhage in any case after destruction 
of the spinal cord and division of the splanchnics alone, even when this was 
accompanied by section of the vagi. 

In three out of the six experiments, on the other hand, in which the solar 
plexus and spinal cord were simultaneously destroyed, extravasations ooeurred 
to a most remarkable extent (Nos. 18, 19, 20). In one at least of the 
others their absence might be accounted for by the weak condition of the 
circulation. Another result, worthy of special notice, is the occurrence of 
vomiting in on© animal after division of the vagus and splanchnic nerves on 
both sides. 

While the problem which has baffled so many previous investigations 
cannot yet be considered as solved, your Committee hope that their experi- 
ments may be considered to have proved the absence of influence on the 
intestinal secretion throngh the splanchnic nerves, the pnenmogastrics, the 
sympathetic above the diaphragm, or the spinal marrow, and the probable 
influence of the ganglia contained in the solar plexus, though certainly not 
of the two semilunar ganglia exclusively. Also the independent occurrence 
of hsemorrhage and of paralytic secretion appear to point to a separate nervous 
influence on the blood-vessels and the secreting structures of l^e intestine. 
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APPENDIX. 


No. of 
Experi- 
ment. 

Ancesthetio 

employed. 

Lesion. 

Hours. 

Result. 

1. 

Chloroform. . 

Cord divided between 
D vi and vii. 

25 ... 

Small intestine empty. 
Mucous membrane 
pale and dry. 

2. 

Ditto 

Cord divided as in 1, 
and destroyed by a 
wire down to L ii. 

24 .... 

Intestine empty. Mu- 
cous membrane pale 
and moist in duo- 
denum^ which con- 
tained worms: else- 
where dry. 

S. 

Ditto . ... 

Jjamina) removed from 
D vii to L lii, and 
cord removed. Part 
below destroyed by 
a wire. 

2-3 

Intestine empty. Mu- 
cous membrane dry, 
less aniemic. Duo- 
denum contained 
worms. 

4. 

Ditto . . . 

Lamiiise removed from 
1) vii-x and cord 
removed. Part be- 
low destroyed by a 
hot wire. 

Died with- 
in about 
2 hours. 

Intestine empty and 
anoemic. Mucous 
membrane dry. 

5. 

Ditto 

Both splanchnics cut. 
Cord divided at D 
vii or viii. Part be- 
low destroyed by a 
catgut bougie. 

4 . . 

Intestine empty, not 
amcmic. Mucous 
membrane dry. Pe- 
ristalsis active. 

0. 

Ditto ..... 

1 

Both splanchnics cut. 
Both v«gi cut. Tra- 
cheotomy. 

! 

Intestine empty. Mu- 
cous membrane dry. 
Peiistalsis active. 
This cat vomited 
bilious fluid several 
times shortly before 
being killed. 

7. 

Ditto 

Both splanchnics cut. 
Both vagi cut. Tra- 
cheotomy. Cord di- 
^ ided between D vi 
and vii, and destroyed 
below that point by 
a bougie. 

3. . 

Intestine empty. Ily- 
persemia of mucous 
membrane and peri- 
toneum. 

8. 

Ditto 

Both splanchnics cut. 
Aorta ligatured* be- 
tween sup. mesen- 
teric and renal arte- 
ries. Cord divided 
and destroyed as in 7. 

Die‘(l al- 
most di- 
rectly 

Intestine empty, tightly 
contracted. Mucous 
membrane dry. 

9. 

1 

1 

Ditto .... 

Both splanchnics cut. 
Both vagi cut. Tra- 
cheotomy. Aorta li- 
gatured between sup. 
mesenteric and renal 
arteries. Cord di- 
vided and destroyed 
as in 7. 

1 

1 

Intestine emptied and^ ^ 
contracted. Mucous 
membrane moist, 
with a little bile- 
stained fluid in lower 
part of ileum. 
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Appendix {continued). 


No. of 
Biperi- 
ment. 

Anffisthetic 

employed. 

Lesion. 

Hours. 

Result. 

10. 

Chloroform. 

Right splanchnic cut 
(artificial respira- 
tion). 

Died im- 
mediately. 

Lungs emphysema- 
tous, with patches 
of lobular grey hepa- 
tization. 

11. 

Ditto 

Both splanchnics cut. 
Both vagi cut. Tra- 
cheotomy. Cord de- 
stroyed as in 7. 

3 

Hyperfemia of parietal 
and visceral peri- 
toneum. Intestine 
empty. Mucous mem- 
brane injected, but 
dry. 

12. 

Ditto 

Both splanchnics cut. 
Aorta ligatured 
above renal arteries. 

2i . ... 

Intestine contained a 
little fluid. Mucous 
membrane hyper- 
BBinic. 

13. 

Ditto 

Right splanchnic cut, 
left incompletely. 
Right and left vagi 
cut. Cord destroyed 
as in 7. 

4 

Intestine contained a 
small quantity of 
bile-stained fluid and 
some worms. Mucous 
membrane ansemic. 

14. 

Ditto 

Both splanchnics cut. 
Both vagi cut. Aorta 
ligatured above renal 
arteries. Cord de- 
stroyed as in 7. 

Died im- 
mediately. 

General hyperseraia. 
Upper part of intes- 
tine empty, lower 
contained yellow 

liquid faeces. 

15. 

Chloroform. 
Chloral, 
gr. XXX. 

Three loops ligatured. 
Nerves to middle one 
cut. All its vessels 
but one artery and 
one vein ligatured. 

4* 

Upper loop empty ; 
mucous membrane 
dry. Lower loop 
empty; mucous mem- 
brane moist. Middle 
loop empty : two 
fluid drams of a 
brownish liquid. 

16. 

Chloral, 

gr. XXX. 

Same operation as 15. 

Died quick- 
ly after. 

All the loops empty. 
Mucous membrane 
pale. 

17. 

4 1 

Chloroform. 

Both semilunar ganglia 
completely removed 
Cord destroyed as 
in 7. 4 inches of up- 
per jejunum and 4 
of lower ileum liga- 
tured ofi“. 



Intestine full. Above 
l8tloop(5in. ) 9 c.c. of 
bile- stained fluid. In 
Ist loop (6 in.) 1 c. c. 
turbid fluid. Be- 
tween loops (31 in.) 
22 or 23 c. c. turbid 
fluid. In lower loop 
(14 in.) 171 c.c. tur- 
bid brown fluid. No 
worms. Mucous 

1 membrane generally 
pale. 

First loop (nearly 2 ft. 
below pylorus) empty 
and contracted. Mu- 
cous membrane nor- 
mal. Second looked 
full, but only con- 
tained a small quan- 

18. 

Chloroform. 

Both semilunar gan- 
glia removed. Cord 
destroyed as in 7. 
Loop (5J inches) a 
foot below pylorus. 
Second (3^ inches) 

3 inches above valve. 

4i 
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Appendix (continued). 

Anaesthetic t • tt t> li. 

employed Lesion. Hours. Result, 

ment. ^ ^ 

(Both loops squeezed tity of moist fseces. 

empty.) Between the loops 

intestines contained 
30 c. c. of blood- 
stained fluid. Mucous 
membrane ecchy- 
mosed. 

19. Ether & Ohio- Oord destroyed as in 7. About 6. Intestine empty. Mu- 

roform. Ootton-wool soaked cous membrane pale, 

in Tr. Ferri. perchl. with patches of ec- 

thrust down canal. chymosis. 

Unusually abundant 
fluid in peritoneum. 

Both semilunar gan- 
glia removed. 

20. Ether. Cord destroyed, as in 7. About 4. Intestine contained 

Unusually abundant very little fluid. Mu- 

fluid in peritoneum. cous membrane ec- 

Both semilunar gan- chymosed^*^. 

glia removed. 

21. Ether. Both splanchnics di- Died about Small intestine con- 

vided, and semilunar 3 hours tained 27 c. c. of thin 
ganglia excisedt( only after opera- mucus. Mucous 
an ordinary amoimt tion. membrane very anse- 
of fluid in the perito- mic throughout, 

neum). Oord divided 
and destroyed as in 7. 

22. Chloroform. Cord exposed from D vi 1 hour. From pylorus to first 

to Cauda Equina, and ligature (12 in.) con- 

removed. Small in- tained a little bile- 

testine ligatured at stained thin mucus, 

cajcura, 0 in. above, Mucous membrane 

and 12 in. above that. pale. Between the two 

Both ganglia excised. ligatures (16 in.) the 

same : in neither 
enough to measure. 
From second ligature 
to csecum appeared 
full ; but on opening 
it there was only a 
little mucus and li- 
quid fieces. Mucous 
membrane pale and 
moist. 

23. }: Chloroform. Right and left splanch- 3 From 2 inches below 

nics divided, and the pylorus down to ileo- 

largest nerve divided csecal valve mucous 

in the root of the membrane intensely 

mesentery. congested with hae- 

morrhage ; covered 
j with tenacious mucus. 

♦ Epithelium iiol giMnular. Surface shed more or less completely. Deeper layer 
perfect. Vessels of villi crowded with blood-corpuscles. 

t About this time a great mortality occurred m cats under ether. Previously several 
had died from catarrh while under chloroform. 

I In this experiment a dog was used : all those preceding were on cats. 
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Third Report of the Sub>-Wealdm Earphration Committee^ consisting 
of Henry Willett^ F,G.S,^ R. A. C. Godwin-Austen, F.R.S., 
W. Toyley^ F.G.S.j T. DavidsoNj F.R.S., Prof. J. Prestwich, 
F.R.S., Prof. Boyd Dawkins, FJl.S,, and Henry Woodward, 
FM.S, Drawn up by Henry Willett, F.G.S, 

Or tile £150 granted by the Committee of Recommendations in further- 
ance of this undertaking, £25 was voted in 1872, and, as reported at Brad- 
ford, in the subsequent twelve months, 295 feet of strata were penetrated at 
a diameter of 9 inches. 

The second grant of £25, made in 1873, encouraged an enlarged subscrip- 
tion of sufficient amount to warrant the Committee in entering into a con- 
tract with the Diamond Boring Company to extend, by their process (at a 
diameter of 3 inches), the bore-hole to 1000 feet. This depth was success- 
fully reached on the 18th of June, 1874. 

In the report made at Belfast it was announced that the Government had 
(in consequence of a memorial signed on behalf of their Councils, by the 
Presidents of the Royal Society, of the Geological Society of London, and of 
the Society of Engineers) consented to a Treasury grant of £1000, to bo 
paid on the condition that beyond the depth of 1000 feet an additional 1 foot 
should be explored for every £1 of the aforesaid grant. 

The foregoing facts induced the Committee of Recommendations at Belfast 
to give further assistance by a third and enlarged grant of £100. Thus 
again encouraged, the Committee arranged a contract with the Diamond 
Boring Company for an extension to 1200 feet, at an additional cost of £400 ; 
but at 1018 feet the strata were found to be so much broken and fissured 
that it became absolutely essential to line the entire depth. The estimated 
cost of this operation was an additional £400. 

Engineering difficulties of an unforeseen and of a finally insurmountable 
nature ensued j and, in consequence, the Treasurer of the British Association 
was informed, in October 1874, that the grant might possibly not be re- 
quired — at any rate, not at that time. 

In January 1875 the contractors, with laudable courage and energy, 
volunteered to commence de novo, and to put down a bore-hole of consider- 
ably enlarged diameter, which should be fined at their expense to the depth 
of 1000 feet, at a cost, including lining tubes, of £600 ; viz. of £200 only 
beyond what had been agreed upon as the price for lining the old 3-inch 
diameter. 

This work, begun on Eebruary 12th, 1875, went on uninterruptedly, as 
will be seen by the subjoined statement : — 


Bored at 8 in. diam., 28 ft. 

Lined with 

8-in. tube, 28 ft. 

Diameter 
of core. 

6 in. 

„ 7 in. 

„ 49 ft. 


7-in. „ 77 ft. 

6 in. 

„ 6 in. 

„ 168 ft. 

» 

6-in. „ 245 ft. 

5 in. 

„ 5 in. 

„ 594 ft. 


6-in. „ 839 ft. 

4 in. 

„ 4 in. 

„ 295 ft. 

>9 

4-in. „ 1134 ft. 

Sin. 

„ 3 in. 

„ 530 ft. 

9* 

3-in. „ 1670 ft. 

2|in. 

1 in. 

„ 2^in. 

„ 92 ft. 


1762 ft. 


1762 ft. 
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It ediould be remembered that the problem originally offered for solution 
was one based on the strong opinion expressed by our most eminent geolo- 
gists, that there was a high degree of probability that Palaeoroic rocks (fol- 
lowing the course of the axis of Artois, and dipping beneath the surface in 
Belgium and the north of Prance) would be found at a depth rariously esti- 
mated at from 700 feet to 1700 feet 

In this aspect the problem is solved, a depth of 1753 feet having Iroen 
explored with the certainty that (within the aforesaid maximum distance) 
no such rocks exist in this locality. 

Oil the contrary, an extraordinary and unexampled thickness of sedi- 
mentary beds, possessing many features of the Jurassic series, with a fauna 
most persistent in type, and such as has hitherto been considered to denote 
the Kimmeridge Clay of England and of the Continent, is the result so far of 
the discoveries made by the Sub -Wealden Exploration. 

Although no economic advantages were ever sought by the promoters, two 
not unimportant results have ensued : — 

1. A company has been established for developing the rich beds of gypsum 
which we have discovered, and which were hitherto unknown to exist in 
Sussex. 

2. We have proved that the project for supplying Hastings with water by 
means of a deep well on the Artesian system would be abortive. 

After three years of toil and anxiety, it is some satisfaction to be able to 
state further that, owing to the munificent response made by lovers of 
science, of all orders and degrees of men among us, a contract has been 
entered into for completion to 2000 feet, should no unavoidable hindrance 
occur. 

Ho additional grant is solicited, or will be required, from the British 
Association. 

The geological results will be fully explained in more minute detail by 
Mr. Topley’s report, hereunto appended. 

To him, to Kobert Etheridge, Esq., F.E.S. (for his invaluable palesonto- 
logical services), to J. H. Peyton, Esq., F.G.S. (for numberless journeys of 
inspection to the works), to Prof, llamsay, to the Committee of Bcientific 
Eeferenoe, over which he has so ably presided, and to the Patrons and Sub- 
scribers who have so generously supplied the funds for prosecuting the work, 
the thanks of all sympathisers with scientific advancement are due. 

Although, by Mr. Warner’s offer of .£300, on reaching 2000 feet, that depth 
has been named as the maximum limit to be aimed at, yet the friability of 
the strata at the present depth (1762 feet), and the persistent character of 
the sedimentary deposits, seem to show the wisdom of topping any farther 
outlay on the Sub-Wealden Exploration.” 


Geological Mejport by TT. Topley^ F,O.S», As^oc. Inst Geological Survey 

of England, 

In the Eeport submitted to the Assooiation at Belfast an account was 
given of the strata passed through and of the fossils found down to a depth 
of 1013 feet. It was then believed that certain Ammonites found in the 
lower cores were Oxford-Clay forms ; and it was therefore supposed that the 
boring had passed from the Kimmeridge Clay to the Oxford day without 
finding any representative of the Coral Eag or Calcareous Grit. 
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Tlie first boring was abandoned at the depth then attained (1013 feet), 
and a second boring was commenced, which has now (August 1875) reached 
the depth of 1820 feet. This has proved that the Kimmeridge-Clay fauna 
extends much lower than was inferred from the results of the first boring. 
Gryphasa {Exogyra) virgula has been met with at various depths down to 
1656 feet. Ammonites mutahilis extends from about 960 feet to 1 652 feet. 
Rhyfichonella pinguis is common in some of the lower cores. The presence 
of these fossils would seem to settle the question as to the age of the beds in 
which they occur ; but fortunately we are not now left to palasontological 
evidence alone. At about 1769 feet an oolitic rock was reached, which con- 
tinued to 1786 feet, where the beds again changed to shale. The upper part 
of this 17 feet of rock is rather coarse in grain ; the lower part is finer. Save 
as regards colour (which depends on weathering) these cores may be matched 
precisely by examples of Coralline Oolite in the Museum of the Geological 
Survey at Jermyn Street. Mr. Bristow kindly referred me to the specimens 
which are contained in Wall-case !No. 46. No. 58 in this case is a rather 
coarse-grained oolite from Steeple Ashton in Wiltshire, exactly resembling 
the cores found at about 1770 feet. No. 59 is an oolite of finer grain from 
Bucklaiid, near Paringdon, which as closely resembles the cores found at 
about 1782 feet. These rocks are not very fossiliferous ; and in the boring 
they appear to contain only small oysters, which occur chiefly in the lower 
part. The coarse oolite in the boring is hard, and takes a fine polish ; the 
finer variety is softer. 

We may, then, with some degree of safety, assume that these rocks repre- 
sent the Coral Bag (Coralline Oolite). The Upper and Lower Calcareous Grits 
are either absent, or they are represented by sandy, rather calcareous shales, 
which do not in any way differ from shales which are abundant in the true 
Kimmeridge Clay. 

It will perhaps be better to leave the description of the fossils until the 
materials have been more carefuUy worked up and the whole series fully 
arranged ; it will also be as well to defer till then a detailed section of the 
strata. Mr. Etheridge has carefully looked over the cores ; and from his 
notes the foregoing remarks on the fossils are taken. 

Mr. H. Woodward has examined the Crustacea, and he refers some 
remarkably fine examples, found in the Kimmeridge Clay at 1057 feet, to a 
new species of Callianassa. He proposes to caU this ( 7 . isodiela ; it is the 
oldest known form of the genus. Fragments of another crustacean were 
found at the same depth ; Mr. Woodward refers this to Mecochirus Peytoni, 
Woodw. 

Beds of sandstone have been met with at various depths in the Kimmeridge 
Clay. Frequently they are traversed by wavy concretionary lines, which 
look exactly like fossils on the outside of the core. AH these sandstones are 
cemented by carbonate of lime. Oysters are almost the only fossils which 
they contain. Throughout both borings it has been noticed that oysters are 
most abundant in the sandy beds. 

The shales are frequently traversed by oblique veins of carbonate of lime. 
The hole, when not lined, is very apt to fall in at these points. In the 
method of boring employed by the Diamond Company it is necessary to send 
a stream of water down the middle of the rods from the surface, the water 
rising again to the surface outside the rods. Mr. Thornton, the engineer in 
charge, noticed that the hole fell in much more readily after heavy rain, when 
the brook from which the water was pumped was swollen, than it did when 
the brook only ran with spring- water. He referred this, no doubt correctly, 
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to the superior solvent power for carbonate of lime of the rain-water charged 
with carbonic acid. 

The Kimmeridge Clay probably began at about 274 or 275 feet from the 
surface. If it extends to 1769 feet, we have here a thickness of 1495 feet 
in one continuous section, all the beds Ijdng flat. The greatest thickness as- 
sumed by Mr. Blake for the Kimmeridge Clay of England, where exposed 
at the surface, is 1050 feet ; this thickness, however, is not present in any 
one district. 


The Report of the Committee appointed for the purpose of considering the use 
of Steel for structural purposes will he printed in the next volume. 
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MATHEMATICS AND PHYSICS. 


Address hy Professor Balfour Stewart, M.A,^ LL . D.y Presklent of 

the Section. 

Since the last meetinpp of the British Association science has had to mourn the 
loss of one of its pioneers in the death of the veteran astronomer Schwahe, of 
Dessau, at a good old age, not before he had faithfully and honoiirahly finished his 
work. In truth this worlc was of such a nature that the worker could not be ex- 
pected long to survive its completion. 

It is now nearly fifty years since he first began to produce daily sketches of the 
spots that appeared upon the sun’s surface. Every day on which the sun was 
visible (and such days are more frequent in Germany than in this country), with 
hardly any intermisssion for forty years, this laborious and venerable observer made 
his slietch of the solar disk. At length this unexampled perseverance met with its 
reward in the discovery of the periodicity of sun-spots, a phenomenon which very 
speedily attracted the attention of the scientific world. 

It is not easy to overrate the importance of the step gained when a periodicity 
was found to rule these solar outbreaks. 

A priori^ we should not have expected such a phenomenon. 

If the old asti'onomers were perplexed by the discovery of sun-spots, their 
successors must have been equally perplexed when they ascertained their periodicity. 

For while all are ready to acknowledge periodicity as one of the natural con- 
ditions of terrestrial phenomena, yet eveiy one is inclined to ask what there can be 
to cause it in the behaviour of the sun himself. 

Manifestly it can only have two possible causes. It must either be the out- 
come of 'some strangely hidden periodical cause residing in the sun himself, or 
must be produced by external bodies, such as planets, acting somehow in their 
varied positions on the atmo.sphere of the sun. 

But whether the cause bo an internal or external one, in either case we are 
completely ignorant of its nature. 

We can easily enough imagine a cause operating from the sun himself and his 
relations with a surrounding medium to produce great disturbances on his surface, 
but we cannot easily imagine why disturlmnces so caused should have a periodicity. 
On the other hand we can easily enough attach periodicity to any effect caused by 
the planets, but we cannot well see why bodies comparatively so insignificant should 
contribute to such very violent outbreaks as we now know sun-spots to be. 

If we look within we are at a loss to account for the peiiijdicity of solar dis- 
turbances, and if we look without we are equally at a loss to account for their 
magnitude. 

1875. 1 
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But since that within the sun is hidden from our view, it cannot surely be con- 
sidered blameworthy if astronomers have directed their attention to that without, 
and have endeavoured to connect the behaviour of sun-spots with the positions of 
the various planets. 

Stimulated, no doiibt, by the success which had attended the labours of Scliwabe, 
an English astronomer was the next to enter the held of solar resetu’ch. 

The aim of Mr. Carrington was, however, rather to obtain very accurate records 
of the positions, the sizes, and the shapes of the \arious sun-spots, than to make a 
very extensive and long-continued series of observations. He was aware that a 
series at once very accurate and very extended is beyond the power of a private 
individual, and can only be undertaken by an established institution. Neieriheless 
each sun-spot that made its appearance during the seven jears extending from the 
beginning of 1854 to the end of ISCK) was sketched by Mr. Carrington with the 
^eatest possible accuracy, and had also its heliographic positions— that is tosa}, 
its solar latitude and longitude — accnraft ly determined 

One of the most })romin(mt results ot Mr Carrington’s labours was the discovery 
of the fact tliat sun-spots appear to hu\e a proper motion of their own, those 
nearer the solar equator moving faster than those moie remote Another was the 
discovery of changes appanuitiv periodical afUadiug the disposition of spots in 
solar latitude. It was already laiown that smi-spots conlined thtunselves to tlie 
sun’s equatorial regions , but i\Ir ( birring ton show^ed that tin* region aU'ected was 
liable to periodical elongations and coutraction.^,alt]iougli his observations were not 
sufficiently extended to determine the exact length ol tins period 

Before Mr Carrington had comjdetod bis seven gears’ labours, celestial ])hoto- 
graphy had been introduced by Mr Warren De La Itue Comuitnicmg with his 
private observatory, he next persuaded the Kevv Committee of the British Associa- 
tion to allow the systematic photography of the sun to be (aimed on at tlieir 
observatory under his superintendence, and in the year 1802 the first of a ten years’ 
series of solar photograplns was begun. 

Before this dite, liowever, Mr. I)e La Rue had ascertained, by means of liis 
photoheliograpb, on the occasion ot the total eclipse of 18()0, that tlie red promi- 
nences surrounding the eclipsed sun belong, witlioui doubt, to our luminary himself. 

The Kew observations are not yet finally reduced, but alrt'ady several important 
conclusions have been obtained from them by Mr. l)e La Rue and the other Kevv 
observers. In the first place the Kew photographs confirm the theory of Wilson 
that sun-spots are phenomena the dark portions of which exist at a levcd consider- 
ably beneath tlie general surface of the sun — in oilier words, they are hollows or 
pits, the interior of which is of course hlled up with the solar atmosphere. The 
Kew observers were lilievvi^e led to associate the low teiiiperature of the bottom of 
sun-spots with the downward carriage of colder matter from the atmosphere of the 
sun, while the upward rusli of hc'ited matter was supposed to account for the 
faculee or bright patches which almost invariably accompany spots. In tlie next 
place, the Kew observers, making use not only of the Kew series but of those of 
Schwabe and Carrington, which were generously placed at their disposal, have dis- 
covered traces of the infiueuce of the nearer planets upon the behaviour of sun- 
spots. This influ mce appears to be of such a nature that spots attain their maxi- 
mum size when carried by r()tation into positions as far as possible remote from 
the influencing planet — that is to say, into positions where tlie body of the sun is 
between them and the planet. There is also evidence of an excess of solar action 
when two influential planets come near together. But although considerable light 
has thus been thrown on the periodicity of sun-spots, it ought to be borne in mind 
that the cause of the remarkable period of eleven years and a (luarter, originally 
discovered by Schwabe, has not yet been properly explained. The Kew observers 
have likewise discovered traces of a peculiar oscillation of spots between the two 
hemispheres of the sun ; and finally their researches will place at the command of 
the observers the data for ascertaining whether centres of greater and lesser solar 
activity are connected with certain heliocentric positions. 

While the sun’s surface was thus being examined both telescopically and photo- 
graphicallv, the spectroscope came to be employed as an instrument of research. It 
had already be^m surmised by Professor Stoke.s that the vapom* of sodium at a 
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comparatively low temperature forms one of the constituents of the solar atmo- 
sphere, inasmuch as the dark line D in the spectrum of the sun coincides in position 
with the bright line given out by incandescent sodium vapour. 

This method of research was greatly extended by Ku*chholf, who soon found 
that many of the dark lines in the solar spectrum were coincident with the bright 
lines of sundry incandescent metallic vapoum ; and a good beginning was thus made 
towards ascertaining the chemical constitution of the sun. 

The new method soon brought forth further fruit when applied, in the hands of 
Huggins, Miller, Secclii, and others, to the more distant heavenly bodies. It was 
speedily found that the lixed stars had constitutions very similar to that of the sun. 
But a peculiar and unexpected success was attained when some of the nebulm were 
examined spectroscopically. To-day it seems (so rapidly has knowledge progressed) 
very much like recalling au old superstition to remind you that, until the advent of 
the spectroscope, the irresolvable iiebulm were considered to be gigantic and remote 
clusters of stars, the individual members of which were too distant to be separated 
from each other even with a telescope like that of Lord Kosse. 

But Mr. Huggins, by means of the spectroscope, soon found that this was not the 
case, and that most of the nebulio which had uotied the telescope gave indications 
of incandescent hydrogen gas. 

It was also found by this observer that the proper motions of some of the fixed 
st^rs in a direction to or from the earth might he detected by moans ol the displace- 
ment of their spectral lines, a principle ol research which was first enunciated by 
Lizoau. 

Hitherto in such applications of the spectroscope, the body to be examined was 
viewed as a whole. 

It had not yet been attempted to localize the use of tliis instrument so as to 
examine particular districts of the sun — as, for instance, a sun-spot, or the red fiames 
already proved by He La Rue to belong to our luminaiy. 

This npplicatiou was first made by Mr. Lockyer, who, in the year 1805, examined 
a sun-spot spectroscopically, and remarked the greater thickness of the lines in the 
spectrum of the darkei portion of the spot. 

Hr. Frankland had previously found that thick spectral lines correspond to great 
pressure, and hence the inference from the gre iter thickness of lines in the umbra 
of a spot is, that this umbra or dark portion is subject to a greater pressure— that is 
to say, it exists below a greater depth of the solar atmosphere than the general sur- 
face of the sun. Thus the results derived from the Kew pholoheliograph and those 
derived from the spectroscope were found to confirm each other. Mr. Lockyer next 
caused a powerful instrument to be constructed for the purpose of viewing spectro- 
scopically the red fiames round the sun’s border, in the hope that if they consisted of 
ignited gas the spectroscope would disperse, and thus dilute and destroy, the glare 
which prevents them from being seen on ordinary occasions. 

Before this instrument was quite ready, these flames had been analyzed spec- 
troscopically by Cant. Herschel^ M. Janssen, and others on the occasion of a total 
eclipse occurring in India, and they were found to consiat of incandescent gas, most 
probably hydrogen. But the latter of these observers (M. Janssen) made the 
important observation that the bright lines in the spectrum of these flames remained 
visible even after the sun had reappeared, from which he argued that a solar eclipse 
is not necessary for the examination of this region. 

Before information of the discovery made by M. JaiLssen had reached this coun- 
try, the instrument of Mr. Lockyer had been completed, and he also found that by 
its means he was able to analyze at leisure the composition of the red flames with- 
out the necessitj^ of a tofiil eclipse. An atmosphere of incandescent hydrogen was 
found to surround our luminary, into which, during the greater solar storms, sundry 
metallic vapours were injected — sodium, magnesium, and iron forming the three that 
most frequently made their appearance. 

Here we come to an interesting chemical question. 

It had been remarked by Maxwell and by Pierce, as the result of the molecular 
theory of gases, that the final distribution of any number of kinds of gas in a vertical 
direction under gravity is such that the density of each gas at a given height is the 
same as if all the other gases had been removed, leaving it alone. 
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In our own atmosphere the continual disturbances prevent this arrangement from 
taking place j but in the sun’s enormously extended atmosphere (if, indeed, our lumi- 
nary De not nearly all g^ous) it appears to hold, inasmuch as the upper portion 
of this atmosphere, dealing with known elements, apparently consists entirely of 
hydrogen. 

Various other vapours are, however, as we have seen, injected from below the 
photosphere into the solar atmosphere on the occasion of great disturbances ; and 
Mr, Lockyer has asked the question, whether we have not here a true indication of 
the relative densities of these various vapours derived from the relative heights to 
which they are injected on such occasions. 

This question has been asked, but it has not yet received a definite solution; for 
chemists tell us that the vapour^ensities of some of the gases injected into the sun’s 
atmosphere on the occasion of disturbances are, as far as they know from terrestrial 
observations, different from those which would be indicated by taking the relative 
heights attained in the atmosphere of the sun. Mr. Lockyer has attempted to bring 
the question a step nearer to its solution by showing that the vapours at the tem- 
perature at which their vapour-densities have been experimentally determined are 
not of similar molecular constitution ; whereas in the sun we get an indication, from 
the fact that all the elements give us line spectra, that they are in similar mole- 
cular states. 

Without, however, attempting to settle this question, I may remark that we have 
here an interesting example of how two branches of science, physics and chemistry, 
meet together in solar research. 

It had already been observed by Kirchhoff tliat sometimes one or more of the 
spectral lines of an elementary vapour appeared to he reversed in the solar spec- 
trum, while the other lines did not experience reversal. Mr. Lockyer succeeded in 
obtaining an explanation of this phenomenon. This explanation was found by means 
of the method of localization already mentioned. 

Hitherto, when taking the spectrum of the electric spark between the two me- 
tallic poles of a coil, the arrangements were such as to give an average spectrum of 
the metal of these poles ; but it was found that when the method of localization 
was employed, different portions of the spark gave a different number of lines, the 
regions near the terminals being rich in lines, while the midway regions give com- 
paratively few. 

If we imagine that in the midway regions the metallic vapour given off by the 
spark is in a rarer state than that near the poles, we are thus led to regai*d the short 
lines which cling to the poles as those which require a greater density or nearness 
of the vapour particles before they make their appearance ; while, on the other hand, 
those which extend all the way between the two poles come to be regarded as those 
which will continue to make their appearance in vapour of gi’eat tenuity. 

Now it was remarked that these long lines were the very lines which were 
reversed in the atmosphere of the sun. Hence when we observe a single coinci- 
dence between a dark solar line and the bright line of any metal, we are further 
led to inquire whether ^his bright line is one of the long lines which will 
continue to exist all the way between two terminals of that metal when the 
spark passes. 

If this be the case, then we may argue with much probability that the metal in 
question really occurs in the solar atmosphere; hut if, on the other hand, the 
coincidence is merely between a solar dark line and a short bright one, then we 
are led to imagine tnat it is not a true coincidence, but something which will 
probably disappear on further examination. This method has already afforded us 
a means of determining the relative amount of the various metallic vapours in the 
sun’s atmosphere. Thus, in some instances all lines are reversed, whereas in others 
the reversal extends only to a few of the longer lines. 

Several new metals have thus been added to the list of those previously detected 
in the solar atmosphere ; and it is now certain that the vapours of hydrogen, 
potassium, sodium, rubidium, barium, stimtium, calcium, magnesium, aluminium, 
iron, manganese, chromium, cobalt, nickel, titanium, lead, copper, cadmium, zinc, 
uranium, cerium, vanadium, and p^ladium occur in our luminary. 

I have spoken hitherto only of telescopic spectroscopy ; but photography has 
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been found capable of performing the same good service towards the compound 
instrument consisting or the telescope and its attached spectroscope, which it had 
previously been known to perform towards the telescope alone. 

It is of no less importance to secure a permanent record of spectral peculiarities 
than it is to secure a permanent record of telescopic appearances. 

This application of photography to spectrum observations was first commenced 
on a sufficient scale by Mr. Kutherford, of New York, and already promises to be 
one of the most valuable aids in solar inquiry. 

In connexion with the spectroscope I ought here to mention the names of 
Kespighi and Secchi, who have done much in the examination of the solar surface 
from day to day. It is of great importance to the advancement of our knowledge, 
that two such competent observers are stationed in a country where the climate is 
so favourable to continued observation. 

The examination of the sun’s surface bv the spectroscope suggests many interest- 
ing questions connected with other branches of science. One of these has already 
been alluded to. 

I may mention two others put by Mr. I.ockyer, premising, however, that at 
present we are hardly in a position to reply to them. 

It haa been asked whether the very high temperatures of the sun and of some of 
the stars may not bo sufficient to produce the disassociation of those molecular struc- 
tures which cannot be disassociated by any terrestrial means ; in other woi*ds, the 
question has been raised, whether our so-called elements are really elementary 
bodies. 

A third question is of geological interest. It has been asked wffielhcr a study of 
the solar atmosphere may not throw some light upon the peculiar constitution of 
the upper strata of the eaith s surface, which are known to be of less density than 
the average interior of our planet. 

If we have learned to be independent of total eclipses as far as the lower portions 
of the solar atmosphere are concerned, it must be confessed that as yet the upper 
portions — the outworks of the sun — can only be successfully approached on these 
mre and precious occasions. Thanks to the various Government expeditions 
despatched by Great Britain, by the Ignited States, and by several Continental 
nations — thanks, also, to the exertions of Lord Lindsay and other astronomers — wo 
are in the possession of definite information regarding" the solar corona. 

In the first place, we are now absoluttdy certain that a larpe part of this ap- 
pendage unmistakably belongs to our luminary j and in the next place, we know 
that it consists, in part at least, of an ignited gas giving a peculiar spectrum, 
which we have not yet been able to identify with that of any known element. 

The temptation is great to associate this spectrum with the presence of something 
lighter than hydrogen, of the nature of which we are yt‘t totally ignorant. 

A peculiar physical structure of the corona has likewise been suspected. On the 
whole, we may say that this is the least known, while it is perhaps the most 
interesting, region of solar research ; most assuredly it is well worthy of further 
investigation. 

If we now turn our attention to matters nearer home, we find that there is a 
difficulty in grasping the facts of terrestrial meteorology no less formidable than 
that which assails us when we investigate solar outbreaks. The latter perplex us 
because the sun is so far away, and because also his conditions are so difterent from 
those witli which we are here familiar ; while, on the other hand, the former perplex 
us because we are so intimately mixed up with them in our daily lives and actions — 
because, in fact, the scale is so large and we are so near. The result has been that 
until quite recently our meteorological operations have been conducted by a hand 
of isolated volunteers, individually capable and skilful, but from their very isolation 
incapable of combining together with advantage to prosecute a scientific campaign. 
Of late, however, we have begun to perceive that if we are to make any advance in 
this very interesting and practical subject, a different method must be pursued, and 
we have already reaped the first fruits of a more enlightened pohey; already 
we have gained some knowledge of the constitution and habits of our atmo- 
sphere. 

The researches of Wells and Tyndall have thrown much light on the cause of 
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dew. Hamboldt, Bove, Buys Ballot, Jelinek, Quetelet, Ilanstoen, Kupffer, Forbes, 
Welsh, Glaisher, and others have done much to give us an accurate knowledge of 
the distribution of terrestrial temperature. 

Great attention has likewise been given to the rainfall of Great Britain and 
Ireland, chiefly through the exertions of one individual, Mr. G. J. Symons. 

To Dove we are indebted for the law of rotation of the wind, to liedfield for the 
gpiral theory of cyclones, to Francis Galton for the theory of anti-cyclones, to 
Buchan for an investigation into the disposition of atmospheric pessure which 
precedes peculiar types of weather, to Stevenswi for the conception of barometric 
gradients, to Scott and Meldruni for an acquaintance with the disposition of winds 
which frequently precedes violent outbreaks ; and, to come to the practical applica- 
tion of laws, we are much indebted to the late Admiral FitzRoy and the system 
which he gi’eatly helped to establish forour telegraphic warnings of coming storms. 

Again, the meteorology of the ocean has not been forgiitten. The well-known 
name of Maury will occur to every one as that of a jiioneer in this branch of inquiry. 
FitzRoy, Leverrier, Meldrum, Toynbee, and others liai'e likewise done much ; and 
it is understood that the meteorological oflices of this and other maritime coimtries 
are now busily engaged upon this important and practical subject. Finally, the 
movements of the ocean and the temperatures of tlie oceanic depths have recently 
been examined with very great success in vessels despatched by Her Majesty’s 
Government ; and Dr. Carpenter has by this means been able to throw ^reat light 
upon the convection-currents exhibited by that vast body of water wlilch girdles 
our globe. 

It would be out of place to enter hero more minutely into this large subject ; and 
already it mav be asked, what connexion has all this with that pjtrt of the address 
that went bemre it ? 

There are, however, strong grounds for supposing that the meteorology of the 
sun and that of the earth are intimately connected together. Mr. lirouii has 
shown the existence of a meteorological period connected apparently with the sun’s 
rotation, five successive years’ observations of the barometer at Sing.ipore all giving 
the period 25-74 days. Mr. Baxeiidell, of Manchester, was, 1 believe, the lirst to 
show that the convection-currents of the earth appear to be connected somehow 
with the state of the sun’s surface as regards spots ; and still more recently Mr. 
Meldruni, of the Mauritius observatory, has shown, by a laborious compilation of 
ships’ logs, and by utilizing the meteorological records of the island, that the 
cyclones in the Indian Ocean are most frequent m years when there are most sun- 
spots. He likewise affords us grounds for supposing that the rainfall, at least in 
tne tropics, is greatest in years of maximum solnr disturbance. 

M.Poeyhas found a similar connexion in the case of the West-Indian hurricanes j 
and, finally, Piazzi Smyth, Stone, Kbppen, and, still more recently, Blanford have 
been able to bring to lignt a cycle of terrestnal temperature having apparent reference 
to the condition of the sun. 

Thus we have strong matter-of-fact grounds for presuming a connexion between 
the meteorology of our luminary and that of our planet, oven although we are in 
complete ignorance as to the exact nature of this bond. 

If we now turn to terrestrial magnetism the same connexion becomes apparent. 

Sir Edward Sabine was the first to show that the disturbances of the magnetism 
of the earth are most violent during years of maximum sun-spots. Mr. Broun has 
shown that there is likewise a reference in magnetic phenomena to the period of 
the sun’s rotation about his axis, an observation recently confirmed by Ilomstein ; 
and still more recently Mr. Broun has shown that the moon has an action upon 
the earth’s magnetism which is not altogether of a tidal nature, but depends, in 
part at least, upon the relative position of the sun and moon. 

I must trust to your forbearance if I now venture to bring forward considera- 
tions of a somewhat speculative nature. 

We are all famOiar with the generalization of Hadley; that is to say, we know there 
are undercurrents sweeping along the surface of the earth ff om the poles to the equator, 
and upper currents sweeping back from the equator to the poles. We are likewise 
aware that these currents are caused by the unequal temperature of the earth ; they 
are, in truth, convection-cuiTents, and their course is determined by the positions of 
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the hottest and coldest parts of the earth’s surface. We may expect them, there- 
fore, to have a reference not so much to the geographical eq^uator and poles as to 
the hottest and coldest regions. In fact we know that the equatorial regions 
into which the trade-winds rush and from which the anti-trades take their origin, 
have a certain annual oscillation depending upon the position of the sun, or, in 
other words, upon the season of the year. We may likewise imagine that the 
region into which the upper currents pour themselves is not the geographical pole, 
but the pole of greatest cold. 

In the next place wo may imagine that these currents, as far as regards a par- 
ticular place, have a daily oscillation. This has, I believe, been proved as regai*ds 
the lower currents or trade-winds, which are more powerful during the day than 
during the night, and w^e may therefore expect it to liold good with regard to the 
upper currents or anti-trades; in fact we cannot go wrong in supposing that they 
also, as regards any particular place, exhibit a daily variation in the intensity witk 
which they blow. 

Again, we are aware tbui the earth is a magnet. Let us not now concern our- 
selves about tlu^ origin of its magnetism, but rather ltd us take it as it is. We must 
next bear iii mind that i*aretied air is a good conductor of electricity; indeed, 
according to rect'iit (‘\})(‘rinieiits, an extremely good conductor. The return trades 
that pass abo\e fioiu the lioittu’ equatorial regions to the poles of cold, consisting 
of moist rarefied air, are therefore to be regarded in the light of good conductors 
crossing lines of magnetic force ; we may therefore expect them to be the vehicle 
of electric currents. Such electric currents will of course react on the magnetism 
of the earth. Now, since the velocity of these upper currents has a daily variation, 
their influence as exhibited at any place upon the magnetism of the eakh may be 
expected to have a daily variation also. 

The question thus anses, Have we possibly here a cause which may account for 
the well-known daily magnetic variation ' Are the peculiarities of this variation 
such as to correspond to those which might be expected to belong to such electric 
currents!^ I think it may be said that, as far as we can judge, there is a likeness of 
this kind between the peculiarities of these two things ; but a more prolonged 
scrutiny will of course he essential before we can be absolutely certain that such 
currents are fitted to produce the daily variation of the earth’s magnetism. 

Besides the daily and yearly periodic changes in these upper convection-currents, 
we should also expect occasioual and abrupt changes forming the counterparts of 
those disturbances in the lower strata with which we are familiar. And these may 
be expected in like manner to produce non-periodic occasional disturbances of the 
magnetism of the earth. Now it is well known that such disturbances do occur, 
and, further, that they are most frequent in those years when cyclones are most fre- 
quent — ^that is to say, in years of maximum sun-spots. In one word, it appears to 
be a tenable hypothesis to attribute at least the most prominent magnetic changes 
to atmospheric motions taking place in the upper regions of the atmosphere, where 
each moving stratum of air becomes a conductor moving across lines of magnetic 
force; and it was Sir William Thomson,! believe, who first suggested that the motion 
of conductors across the lines of the earth’s magnetic force must be taken into 
account in auy attempted explanation of terrestrial magnetism. 

It thus seems possible that the excessive magnetic disturbances which take place 
in years of maximum sun-spots may not be directly caused by any solar action, 
but may rather be due to the excessive meteorological distmbances which are like- 
wise characteristic of such years ; on the other hand, that magnetic and meteoro- 
logical influence which Mr. Broun has found to be connected with the sun’s rotation 
points to some unknown direct effect produced by our luminary, even if we 
imagine that the magnetic part of it is caused by the meteorological. Mr. Broun 
is of opinion that this effect of the sim does not depend upon the amount of spots 
on his surface. 

In the next place, that influence of the sun in virtue of which we have most 
cyclones and greater meteorological disturbance in the years of maximum spots, 
cknnot, I think (as far as we know at present), be attributed to a change in the 
heating-power of the sun. We have no doubt traces of a temperature effect which 
appears to depend upon the sun-period ; but its amount is very small, whereas the 
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variation in cyclonic disturbance is very great. We are tbus tempted to associate 
this cyclone-producing influence of the sun with something different from his light 
and heat. As far, therefore, as we can judge, our luminary would appear to pro- 
duce three distinct effects upon our globe In the first place, a magnetic and 
meteorological effect, depending somehow upon his rotation ; secondly, a cyclonic 
efl^t, depending somehow upon the disturbed state of his surface ; and lastly, the 
well-known light-and-heat effect with which we all are familiar. 

If we now turn to the sun, we find that there are three distinct forms of motion 
which animate his surface-particles. In the first place, each particle is carried 
round by the rotation of our luminary ; secondly, each particle is influenced by the 
gigantic meteorological disturbances of the surface, in virtue of which it may 
acquire a velocif^y ranging as high as 130 or 140 miles a second; and lastly, each 
particle, on account of its high temperature, is vibrating with extreme rapidity, 
and the energy of these vibrations communicated to us by means of the etherial 
medium produces the well-known light-and-heat effect of the sun. 

Now, is it philosophical to suppose that it is only the last of these three motions 
that influences our earth, while tlie other two produce absolutely no effect ? On 
the contrary, we are, I think, compelled, by considerations connected with the theory 
of energy, to attribute an influence, whether great or small, to the first two as well 
as to the last. 

We are thus led to suppose that the sun must influence the earth in three wavs, 
one depending on his rotation, another on his meteorological disturbance, ani a 
third by means of the vibrations of his surface-particles. 

But we have already seen that, as a matter of fact, the sun does appear to 
influence the earth in three distinct ways — one magnetically and meteorologically, 
depending apparently on his period of rotation ; a second cyclonically, depending 
apnarently on the meteorological conditions of his surface ; and a third by means 
of nis ligfit and heat. 

Is this merely a coincidence, or has it a meaning of its own ? We cannot tell ; 
but I may venture to think that in the pursuit of this problem we ought to be pre- 
pai*ed at least to admit the possibility of a threefold influence of the sun. 

Even from this very meagre sketch of one of the most interesting and important 
of physical problems, it cannot fail tc» appear that while a good deal has already 
been done, its progress in the futui*e will very greatly depend on the completeness 
of the method and continuity of the observations by which it is pursued. We 
have here a field which is of importance not merely to one, or even to two, but 
almost to every conceivable branmi of research. 

Why should we not erect in it a sort of science-exchange into which the physi- 
cist, the chemist, and the geologist may each carry the fruits of his research, 
receiving back in retum some suggestion, some principle, or some other scientific 
commodity that will aid him in his own field ? 

But to establish such a mart must be a national undertaking, and already several 
nations have acknowledged their obligations in this respect. 

Already the German Government have established a Sonnenwai-te, the mere 
building and equipment of which is to cost a large sum. With an appreciation of 
what the spectroscope has done for this inquiry, the first directoi’ship was offered 
to Kirchhoff, and on his declining it, Herr Vo^l has been placed in chaige. In 
France also a physical observatory is to bo erected at Fontenay, on an equaL if not 
greater, scale, of which Janssen has already accepted the directorship ; while in 
Italy there are at least throe observatories exclusively devoted to this branch of 
research. 

Nor must we forget tliat in this country the new observatory at Oxfoiff has been 
so arranged that it can be employed in such inquiries. But what has England as 
a nation done ? 

Some years since, at the Norwich Meeting of this Association, a movement was 
set on foot by Colonel Strange which resulted in the appointment of a Roy^ Com- 
mission on tne advancement of science, with the Duke of Devonshire as chairman. 
This Commission have quite recently reported on the steps that ought, in their 
opinion, to be token for the advancement of scientific research. 

One of their recommendations is expressed in the following words : — 



TRANSACTIONS OF THE SECTIONS. 


9 


Important classes of phenomena relating to physical meteorology and to terrestrial 
%nd astronomical physics req^uire observations of such a character that they cannot 
bo advantageously carried on otherwise than under the direction of Government. 
Institutions for the study of such phenomena should be maintained by the Govern- 
ment; and in particular an observatory should be founded specially devoted to 
astronomical physics.” . . .t 

If the men of science of this countiy who procured the appointment of this com- 
mission^ and who subsequently gave evidence before it, will now come forward to 
sup^^rt its recommendations, it can hardly be doubted that these will be speedily 
carried into effect. . . - 

But other things besides observations are necessary if we are to pursue with 
advantage this great physical problem. 

One oi these is the removal of the intolerable burden that has hitherto wen laid 
upon private meteorologists and magneticians. Expected to furnish their tale of 
bricks, they have been left to find their own straw. Nothing more wretched can 
be imagined than the position of an amateur (that is to say, a man who pursues 
science for the love of it and is unconnected with any establishment) who lias set 
himself to promote observational inquiries, whether in meteorology or magnetism. 

He has first to obtain, with great expenditure of time or money, or both, copies 
of the individual observations taken at some recognized institution. ^ He has next 
to reduce these in the way that suits his inquiry, an operation again consuming 
time and demanding means. Let us suppose ail this to be successfully accomplished 
and a valuable result obtained. It is doubtless embodied^ in the Transactions of 
some Society ; but it excites little enthusiasm, for it consists of something which 
cannot be repeated by every one for himself like a new and interesting experiment. 
Yet the position of such men has recently been improved. Several observatories and 
other institutions now publish their individual observations ; this is done by our 
Metereological Office, while Dr. Bergsma, Dr. Neumayer, and Mr. Broun are recent 
examples of magneticians who have adopted this plan. The publication of the 
work of the latter is due to the enlightened patronage of the Rajah of Iravancore, 
who has thus placed himself in front of the princes of India and given theni an ex- 
ample which it is to be hoped they will follow. But this is only one step in the right 
direction : another must consist in subsidizing private meteorologists and magne- 
ticians in order to enable them to obtain the aid of computers in reducing the 
observations with which they have been furnished. The man of science would 
thus be able to devote his knowledge, derived from long study, to the methods 
by which results, and the laws regulating them, are to be obtained ; he could be 
the architect and builder of a scientific structure without being forced to waste his 
energies on the work of a hodman. . ^ i.« 

Another hindrance consists in our deficient knowledge as to what observations 
of value in magnetism and meteorology have already been made. We ought to 
have an exhaustive catalogue of all that has been done in this respect in our globe, 
and of the conditions under which the various observations will be accessible to 
outside inquirers. A catalogue of this kind has been framed by a committee ot 
this Association ; but it is confined to the dominions of England, and requires to 
be supplemented by a list of that which has been done abroad. 

A tiurd drawback is the insufficient nature of the present facilities for the inven- 
tion and improvement of instruments and for their verification. 

We have no doubt advanced greatly in the construction of instruments, espe- 
cially in those which are self-recording. The names of Brooke, Robinson, Welsh, 
Osier, and Beckley wiU occur to us all as improvers of our instruments of obser- 
vation. Sir W. Thomson has likewise adapted his electrometer to the wants ot 
meteorology. Dr. Roscoe has given us a self-recording actinometer ; but a good 
instrument for observing the sun’s heat is still a desideratum. It ought likewise 
to be home in mind that the standard mercurial thermometer is by no means a 


perfect instrument. . . , . . 

In conclusion, it cannot be doubted that a great generalization is looming in the 
distance— A mighty law, we cannot yet tell what, that will reach us, we cannot yet 
say when. It will involve facts hitherto inexplicable, facts that are ^arcely re- 
ceived as such because they appear opposed to our present knowledge of their causes, 
1875 . ^ 
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It is not possible, perhaps, to hasten the arrival of this generalization beyond a 
certain point j but we ought not to forget that we can hasten it, and that it is our 
duty to do so. It depends much on ourselves, our resolution, our earnestness, on 
the scientific policy we adopt, as well as on the power we may have to devote our- 
selves to special investigations, whether such an advent shall oe realized in our day 
and generation, or whether it shall be indefinitely postponed. If governments would 
understand the ultimate material advantages of every step forward in science, how- 
ever inapplicable each may appear for the moment to the wants or pleasures of 
ordinary life, they would find reasons, patent to the meanest capacities, for bringing 
the wealth of mind, now lost on the drudgery of common labours, to bear on the 
search for those wondrous laws which govern every movement, not only of the 
mighty masses of our system, but of every atom distributed throughout space; 


Mathematics. 


On a Screw -complex of the Second Order. 

By Professor R. S. Ball, LL.D., FM.S, 

Denoting by . . . , the six coordinates of a screw, then an homogeneous 
equation of the second degree, Ue=0, between the six coordinates denotes what 
may be termed a screw-complex of the second order. If ct be a given screw, then 


cfU , p , n 

‘dd, ^ de, ~ 


being a linear equation in , dg, denotes the locus of screws about which a 
body which has freedom of the fifth order can be twisted. To this system one 
screw cj} is reciprocal ; and we may call the screw ^ thus defined the polar of the 
screw « with respect to the screw-complex U^=0. The relation between ec and 
its polar is independent of the screws of reference. 

The locus of the screws about which a body can twist so that when it has the 
unit of twist veloci^ its kinetic energy is zero is an imaginary screw-complex of 
the second order. The polar of any screw » with respect to this screw-complex is 
the screw an impulsive wrench on which would make the body commence to twist 
about ff. 


On the Analytical Forms called Factions. By Professor CaTley, F.B.S. 

A faction is n, product of differences such that each letter occurs the same number 
of times ; thus we have a quadrifaction where each letter occurs twice, a cubifac- 
tion where each letter occurs three times, and so on, A broken faction is one 
which is a product of factions having no common letter ; thus 

is a broken quadrifaction, the product of the quadrifactions 
(a'-hy and d) (d— c) (c— c). 

We have, in regard to quadrifactions, the theorem that every quadrifaction is a 
sum of broken quadrifactions such that each component quadrifaction contains two 
or else three letters. Thus we have the identity 

which verifies the theorem in the case of a quadrifaction of four letters ; but the 
verification even in the next following case of a quadrification of five letters is a 
matter of some diflSiculty. 

The theoiy is connected with that of the invariants of a system of binary qnaatics. 
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On the Theory of Linear Transformations : I. The Q-raphical Representation 
of Invariants; II. The Expansion of Unsymmetrical Functions in Symme- 
trical Functions and Determinants ; III. The Notation of Matrices, By 
Professor Clifford, F,R,S. 


On the Calculus of Motors, By Professor I. B. Everett, F.R,S,E, 

Sec three articles, entitled a new Method in Statics and Kinematics,” in the 
^Messenger of Mathematics ’ for 1874 and 1875. 


Formidce of Verification in Partitions, By J. IV. L. Glaisher, M,A., F,ll.S, 

At tlie Edinburgh Meeting (Report, 1871, Transactions of the Sections, pp. 23- 
25) Sylvester gave a formula for verifying, in writing down all the partitions of a 
given number w, that none had been omitted. The formula in question was that 

2 ( 1 — ( 1 ) 

where in any partition x denotes the number of I’s present, y the number of 2’s, z 
the number of 3’s, and the 2 extends to all the partitions ; so that 2l=]N, the total 
number of partitions of n. 

In this very elegant formula, however, as the terms are alternately positive and 
negative, an omission may easily cancel itself; ex. yr. if the omitted partition con- 
tains one 1 and no 2, it would appear as 1 in the first term, as 1 in the second terra, 
and as zero in the succeeding terms, so that its omission would not be pointed out. 
It becomes therefore a matter of interest to examine what the formula (1) becomes 
if all the terms are taken with the positive sign. 

I. Starting from the identity 

^ + 1 _1 . l_;2 + l_j! . . l—i-* •!+<■' • • •) 


and dividing throughout hy 1 — < . 1 — . 1 — , we have 

1 , f‘ I . 

l-< . 1-iP . 1-t' .\-t' ... ‘ ■ 

_ . . . 

“ . . . 

= (l+2<+2il»+2i“+&c.) (1+2<H2 <'+&c.) (1+2i?>+2<»+&c.) . . . ; 
whence, equating the coefficients of f, 

= 22j, (2) 


where r is the number of different elements contained in any partition. Thus, take 
as an example w=7 : the partitions are 


l-hl-f-l+l+l+l+l, 

1+1+1+14-1+2 , 

1+1+1+2+2 

1+1+1+1+3 , 

1 + 2 + 2+2 , 


1+1+1+4, 1+8+3 

1+1+2+3, 3+6 

1+1+5 , 2+5 

1+2+4 , 3+4 

2+2+3 , 7 


so that N, the number of partitions, =15, 2ar=30, 2a*y=17, 2ar.y2s=2. Also there 
are 2 partitions in which only one element occurs, 11 in which two elements occur, 
and 2 in which three elements occur. Thus Sylvester’s formula (1) gives 

15-30+17-2 

2 * 
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and (2) gives 

15+30+17+2 = 2 . 2+11 . 2“ +2 . 2\ 


The two formulae (1) and (2) taken together form a much better verification than 
either singly ; viz. we have 

S(l+a?y+a?yzu>4-&c.) = 2(a?+a?yz+&c.) = 22’*“^, 


in which we may replace 22’*“' by 22*, s denoting the number of changes in any 
partition. 

The following formulae afford additional verifications : — 

11. From the identity 


we have 


'l+r.l+^^“.l+^’ . . . 


l-.2i{+2/‘-2/^+^m., 


2+2-1 = 0, or -1, 


according as w is not a square, is an even square, or is an uneven square : the sign+ 
18 to be used if tha partition contains an even number of terms, and the sign — if 
the number is uneven. 

III. From the same identity inverted, viz. from 

l+^.l4•^M+^^ . . _ 3 

. 1-2^+2«!*~2^'»+ &c.’ 

we have 

22'-= 

where R denotes the number of representations* of n as the sum of an even number 
of squares, and R' the number of representations as an uneven number of squares. 

^ To verify these results in the case w=7 we have, for II., considering the parti- 
tions with an even number of terms, 

22-1=0x2+1x2^ = 16; 


and for the partitions with an uneven number of parts, 

22-i=2x1+5x2 + 1x2='=10, 

thus verifying the theorem, since 7 is not a square. 

For IIL the partitions of 7 as a sum of squares are two, viz. 

1+1+1+4 and l+l+l+l+l+l+l. 

The former gives rise to 4x 16 representations and the latter to 1 x 128 representa- 
tions, and the formula becomes 

64=(-~)'[4x16-128}. 

The four theorems taken together, viz. 

2(l+ajy+&c.) = 2 (a?+a?y 2 ’+&c.) = 22'‘~i = J(— )'»(R— R'), 

with 

2±2-i = 0,l,~l, 

form a striking system of mutually related formulae of verification. 

The author had investigated other systems, but this was the most satisfactory he 
had met with. 


* See Professor H. J. S. Smith’s ** Report on the Theoiy of Numbers,” Brit. Assoc. 

Rep. 1865, p. S37, 
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Theorems on the roots of Unity, By J. W. L. Glaisiier, M,A,, F.E.S, 

If n be any number and if all the sets of r elements that can be formed from the 
numerals 1, 2, 3 — 1 be written down according to any rule with regard to 

sequences and breaks, then the sum of all these sets will always be rational if the 
numerals 1, 2, 3 . . . w-l be supposed to stand for l-.r, 1— 1-x'^ . , . 1— .7”-^, 
X being any prime nth root of unity. 

To make the theorem clear, consider an example. Take w=7, and write down 
all the sets which can be formed from the numerals 1, 2, 3, 4, 5, 0 liaving (say) a 
sequence of two and one break {i. e. having two numbers consecutive and one non- 
consecutive or isolated), viz. these are 

124, 125, 12G, 235, 23G, 34G, 341, 451, 452, 501, 5G2, 5G3; 
then the theorem asserts that x being a 7th root of unity, tlie expression 

.l-.r^.l-r’ + l-.r . l-.rM . . . 

is rational. The simplest case is that of a sequence without any break ; ex. c/r. con- 
sider a sequence of two, then, since 12, 23, 34, 45, 50 are the only sets, the theoiem 
asserts that 

1— a: . 1— 1— . 1— • 1— • 1— ^r’^+l— . 1—0-’^* 
is rational. 

The general mode of proof will be easily gathered from the demonstration of the 
truth of the theorem in the case of these two examples. Take the second first, and 
consider the function of z, 

(l_s) (l-^-c),=l+A 2 +Br, sny, 

X being a 7th root of unity. Since 7 is a prime number every root is a prime root, 
and the roots of the equation . 7 '^=! are x, x^, x\ x \ x^, 1 ; so that, substituting 
successively these values for c, and adding the results, we see that 

(l«a?)(l«a:: a:) + (l--ar2)(l--^ . .7 2j-h(l-ar'^)(l^a^ . .i^)+(l--.7 ')(l--a: . :i’‘) 

+ (1 — .7’")(1— 0? . (1— a?‘‘’) (1 —X . a?''’) + (1— a;’^)(l—.r . . 7 '^) 

(the last two terms being zeroj is rational, since the coefficients of A and B vanish 
by the summation. 

To prove the theorem in the case of the first example, note that all the sets may 
be obtained by starting with the three in which the sequence is 12, and continually 
adding unity to each of the three numbers in each set, thus : 


124, 

125, 

126 

235, 

236, 

237 

346, 

347, 

341 

457, 

451, 

452 

CO 

562, 

663 

672, 

673, 

674 

CO 

714, 

715 

124, 

125, 

126 


(in which 8 is replaced by 1 as it arises). We arrive after a cycle of seven lines at 
the original line again j and, ignoring the terms in which 7 occurs, since 1 — a?'^ = 0, 
we see that ( 1 , 2 , 3 . . . denoting, as stated abo^e, 1 — a-, 1 — l—ar® . . . ) the first 
column, viz, 

124 4 - 235 + 340 -f 561, 

is formed by putting z equal successively to x, a®, a:®, ar®, .r®, 1 in the expression 
1 — « . 1 — .Tx . 1 — a;% 'which is of the form l-j-Az+Ba'^-hCz® j and simil^ly for 
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the other columns. It is evident in this example that the three cycles include all 
the sets which contain a sequence of two and one break ; so that the theorem is 
proved for this case. A little consideration, however, shows too that if all the sets 
formed according to any fixed rule regulating the sequences and breaks be written 
down, they must consist of a group (or cycle), or of an aggregation of several groups 
each of which is rational. For consider any one set : it must belong to a group, for 
we can obtain a group from it by increasing the numerals in it, each by unity, succes- 
sively till it reproduces itself ; also no set can be common to two groups. 

We thus see that the truth of the general theorem depends upon two considera- 
tions, viz. (i) upon the remark that any function such as 

-f . . . (piXj xn)j 

where 

2)=A+Bc+Cr . . . 

(B, C . . . P being any non-infinite functions of is rational ; and (ii) upon the 
proposition that the total series of sets formed by arranging the numerals according 
to any law of sequences and breaks consists of the aggregation of groups. 

It IS evident that the theorem is equally true if we understand 1, 2, 3 ... to mean 

. . . , 

or even 

or, in fact, any functions 

X), x^) 

subject to the conditions that 0(.r, I)=0, and that in the development of the type 
expression involving z the coefficients of the terms in s®, c", ... are to be inde- 

pendent of X. 

If the former condition is not satisfied, the theorem is still true if the sets are 
formed from the series of numerals 1, 2, 8 ... w {i. e, including n). With this 
alteration therefore the theorem is true for 

l+u’, l-far^ ... or for (l-j-.r)", . . . 

The point of the theorem lies in the fact that functions of the roots of an equation 
which are not in appearance symmetrical, are rational ; but it is generally quite 
easy to go further and assign the absolute values of any of the expressions con- 
sidered, since the value of any group is readily assigned ; cx. gr, consider the 
group written above, viz. 124-}-23o-|-34G-|-601 \ this is 

2(1— r)(l— a?r)(l— = 2 (1 +Aj:+Bs2-|-Cc'’), for2=.T,a?^ ... 0?"^ 

= 7, 

and generally each gi’oup =w (1,2... standing for 1— .i, • • 0? 

value of an expression = n times the number of groups it contains. 

It is also to be noted that very often it is not necessary that x should he a prime 
wth root j ex. gr. in the expression just written it is enough that 

25=0, 25^=0, 25^=0, 

i. e. that neither a?, nor a?* should he unity. In this pailicular instance, since 7 
is prime, every root is a prime root; but whatever n may be, if there be only 
three numerals in each set, it is enough that x is an nth root which is not a square 
or cube root of unity j and the generalization of this remark is obvious. 


On some Geometrical Theorems. By W. Haydek^. 

The paper was principally concerned with the properties of an isosceles triangle 
in whicn the squares on the equal sides are each double the square on the upequal 
side obtained geometrically: (1) this triangle can be constructed without the use 
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of the diagonal of a square, as shown in the first proposition j (2) a property of this 
triangle is that each of its equal angles is equal to 1| the unequal angle -|-i the 
angle included by the straight lines joining the unequal angle to the points of tri- 
section of the unequal side ; (3) another property is that the unequal angle can bo 
divided into two parts such that the square on the chord of one segment is double 
the square on the chord of the other segment (a similar property belongs to the 
isosceles right-angled triangle) ; (4) the square can be reduced to what may be 
termed its elementary triangles, eight in number, all the angles having a definite 
relation. 

The paper treats of the properties of this triangle in combination with the circle, 
the square, circles in geometncal progression, two and three circles, the square and 
the circumscribing circle, and the ellipse. 


Two Memoirs, — I. On the Shadows of Plane Carves on Spheres. II. On 
Cubic Spherical Curves with triple C if die Ares and triple Foci. Bjj 
Henry M. Jefeery, M.A. 

I. On the Shadows or Plane Curves on Spheres 

1. M. Ohaslos, in his Geometrical Memoirs on Spherical Conics (which laid the 
foundation of the subject), has investigated several of their properties from projec- 
tions of the circles lying in a cyclic plane of the cone. 

It was proposed to establish general analytical processes which should embrace 
these theorems, particularly as that geometer has urged the subject on analysts. 

2. The several systems of coordinates in ordinary use were adapted from piano 
to spherical geometry. 

Cartesian coordinates arc reduced from gnomonic projection to Gudermann’s 
system, in which the coordinates of a point, whether rectangular or oblique, are 
tangents of the arcs intercepted on the arcs of reference. From gnomonic projec- 
tion, Boothian tangential coordinates are represented on the sphere by cotangents 
of the arcs intercepted on the arcs of reference. 

Ex. The focal equation to the plare conic 

^ = 1-fecos^. 
r 

The equation to its projection on the sphere has the same form, 

tan I T sin2y . 

= 1 H ^ cos e ; 

tan p sin Ja 

for 

_ A'S~AS __ tan§'— tan8 ^ sin(^'~^ ^ sin2y 
^ A'8-f AS tanS'-ftanS 8in(8'-h§) sin 2a ^ 

where the symbols have the ordinary acceptation. 

The same process was shown to be applicable to determine the analytical forms 
and geometrical properties of both pole- and polar-spherical curves. 

■ 8. Equations to a circle or conic, which are expressed in rectangular coordinates 
in a cyclic plane of a cone, were converted into three-point tangential equations of 
the projected spherical curve. 

Two points of reference are situated in the cyclic arc, and the third is the polar 
point of the cyclic arc with respect to the spheriem conic. By this process the several 
properties of the spherical conic which relate to a single cyclic arc are simply 
deduced from those of the plane circle, in following the geometrical guidance of 
M. Charles. 

4. Formulae were next given to express the shadow of a plane curve, as deter- 
mined by trilinear coordinates^ by spherical coordinates. 

* TbiA memoir has been printed extenso m the ‘ Quarterly Mathematical Journal,’ 
1875. 
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If fi'f y' be the jjrimitiye trilinear coordinates of a point referred to a triangle 
ABC, then if sin ct, sin ft sin y denote the spherical coordinates of the projected 
point referred to a ^herical triangle, constituted by planes through the centre 0 
and the sides of ABC, 

sin : sin i3 ; sin y : : sin BC : sin C A : sin AB 
:: apy : : cp^y\ 

where p.., p^ are the perpendiculars on the opposite faces of the tetrahedron 
OABO. 

If the chords of the arcs of the spherical triangle constitute the sides of the tri- 
angle of reference, 

ec' : 1^' : y : : cos sm « : cos g sm /3 : cos g sin y . 

By this process it was shown that the shadow of a circular cubic has the shadow 
of the line at infinity for a cyclic arc. The shadow of a Cartesian, which has cusps 
at the circular points at infinity, has two (and may have three) coincident cyclic 
arcs in tlie shaaow of the line at infinity. 

5. rormuhe were given to determine the tangential equation of the shadow on a 
sphere of a plane curve, which is itself expressed by tangential coordinates : 

p' : q' i r' : : OA sin jt? : OB sin q : OB sin r 

: : p^ sin a sinp : p^ sin b sin q : sin c sin r. 

In the particular case where OA, OB, OC are equal, the fonniilse of transformation 
arc identical in form. 

These formula} were applied to deduce equations to spherical curves, and in par- 
ticular to investigate the projections of the circulai’ points at infinity, and their 
properties. 

6. This outline of the doctrine of projection on the sphere may be regarded as 
a separate chapter in spherical analytical geometiy, and m^ suggest fui’uier deve- 
lopments of the subject by following the lead of the gi’eat Trench geometer, 

II. On Cubic Spheeical Curves with triple Cyclic Arcs and 
TRIPLE Foci. 

1. On the classification of cnhic ccncs and spherical cvhics , — There are five cubic 
cones — simplex, complex, crunodal, acnodal, and cuspidal, to use the nomenclature 
of Prof. Cayley. The singular and non-singular forms have been studied in the 
canonical and other distinct equations. 

It is here proposed to classify them according to their cyclic planes or arcs — (1) 
with three sin^e cyclic arcs, (2^ one double and another single, and (8) with a 
triple cyclic arc. The classification of Newton and Plucker for plane cubics will 
thus be imitated ; hut the number of groups is much less, viz. three in all. 

As there are three real foci in a plane curve of the third class, it is inferred that 
there are three real foci in a spherical cubic of the same class, since the tangential 
equations to both are identical in form ; hence, W reciprocation, there are three 
cyclic planes in a cubic cone of the third order. The three groups may he con- 
veniently studied in trilinear equations ; — 

(1) tca/3y = /a+w/S+wy, 

(2) xa'^/3 = y, 

(S) ica^ = ft 

where k is the variable perimeter in each group. The left-hand side defines the 
cyclic arcs, the right-hand the satellite arc. Tne symbols denote the sines of the 
respective arcs. If the variables be interpreted as tangential coordinates, these 
three groups represent all cubics of the third class both plane and spherical — viz. 
(1) with tWe single foci, (2) with one double and one single focus, (8) with one 
mple focus, 
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As this investigation has a double interest, it is desirable that the five cubic 
cones of the third class should have distinctive names*. 

2. On the cubic referred to a triple cyclic arc. — ^Let the triple cyclic arc and its 
satellite include any angle c ; since the third arc of reference is arbitrary, assume 
it to be the quadrantal polar of the intersection of the other two. 

The tiilinear equation to this group is 

ico^+3/3(4w“)=0, where denotes a^4-/3^4-cy+2ai3 cosc, 

the expression for six times the volume of the plane tetrahedron formed by the 
centre of the sphere and the vertices of the spherical triangle of reference. (The 
symbols may denote the sines of the arcs in question ) It is seen that the cubics of 
this group have a diametral arc and a Newtonian centre at the point of inflexion. 

3. All cubics ivith triple cyclic arcs have triple foci. — The equivalent tangential 
equation to these cubics denotes in general curves of the sixth class, 

9/ic V (jf d" ^ + 32#c [pq + cos c)® — 86 k (/)* + r*) + r^) (py + r^ cos c) 

*2;?^ cos c) = 0. 

This equation may be arranged to exhibit the triple focus 

{p'—q cosc)^{9k^(2;?5' coac--p^—q-)(p--q cosc)— 4 k( 7— cos <?)'’} 

■2j)g' cos c)w^ = 0. 


4. If the non- singular cubics of this group be complex ^ all six real foci are situated 
on the diametral arc] if simplex ^ only four. — After removing the factor which de- 
notes the triple focus from the preceding tangential equation, the remaining factor 
denotes three other foci, 

9/((2j?j Q,oac--p-^q^){p--q coac)---i{q^p cosc*)^ 


Its discriminant will be found to be the same as that of the given cubic equation 
to the curve. Hence follows the truth of the proposition. 

6. Critic centres in the general case. — Plucker has defined them for plane cubic 
curves as middle points, iiTe8pecti\e of their being the sites of nodes. 

A plane cubic of a particular group intersects the lines of reference in three col- 
linear fixed points : the locus of the middle point of a straight line through one of 
these points, intercepted between the other two lines of reference, is a hyperbola ; 
the intersection of three such hyperbolee determines the critic centres. 

The same definition is applicable to spherical cubics. 

In particular, if {Ka^y=la-\rm(i-\-ny) denote a spherical cubic of the first group 
referred to three rectangular arcs of reference, the critic centres determined by this 
definition are the intersections of three non-singular complex cubics with concur- 
rent cyclic arcs, 

la mfi ny 


6. Critic centres of cubics with triple cyclic arcs. — They are two in number, and 
lie in the quadrantal polar of the intersection of the point of inflexion. At a critic 
centre, 

i?f=o, ^=0 

da ’ dfi d^ ■ 


Hence the equation of § 2 yields these data, 

y=0 ; /ca^-f2aj3+2^* co8C=0 : 0*4-40/3 co8C‘"l-3/3*=0. 
It appears from the last equation, thus arranged, 


(o -f-2j3 cos c)*— ^*(1 —4 8in*c) =0, 


♦ They might be distinguished as simplex or unipartite, complex or bipartite, veri- 
bitangential, acubitangentim, and inflexional. 
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that for values of c between 30° and 160° the curve is simplex, and there is no 
nodal point. 

In particular, if tho cyclic arc and its satellite are at right angles to each other, 
tjie cubic is simplex and trilateral or campaniform. 

At the terminal values, cs= +30°, the cubic is cuspidal, and will be separately 
considered. 

If 4 cos the cubic may have all four forms, according to the value of the 
parameter k. 

The transition from the simplex to complex genera takes place at the critic centres. 

The discriminant (04 S^— T'*) varies as 

{ 3«- (0-8 C03 »c) 1 (4 cos=c-3). 


: 0 . 


The cubic is complex, nodal, or simplex, as the discriminant > = cO, 

JSr. cos c= 7 — J the conditions become 
4v2 

27 28 

Between the limits of ^^^2 3(3^2 ^ discriminant is positive and 

the curve is complex ; at the former limit acnodal, at the latter crunodal, beyond 
these limits simplex. 

2\/2 

In particular, if k = -g— , the invariant S=0, and the curve is simplex neutral. 

7. Cuspidal forms , — At a cusp both invariants S', T are equal to zero. Hence 
l=2/ccosc ; — Gkcosc+2=0. 

In this case 


The corresponding trilinear equations exhibit the cusps 

(v3 + '*)' + ¥ 

(-^3+0' + 


In (1) the cusp is 30® distant from A and G0° from B ; in (2) it is 30° from A 
and 120° from B, and intermediate. 

8. By dualizing, corresponding theorems may be obtained for cubics of the third 
class with triple loci and triple cyclic arcs. The properties of plane cubics of this 
class may be deduced, although, as in cubics of the third order, they are not co- 
extensive. 

There are three species only in piano of trifocal cubics (complex, bitangential, 
and simplex^, whereas all five occur in trifocal spherical cubics. Plane trifocal 
cubics exhibit (in their point-equations) cusps at infinity, but have not coincident 
asymptotes. 

9. The other two groups of spherical cubics are reserved for future consideration. 


Elementary Solution of HuygJiens' s Problem on the Im'jpaci of Elastic Balls, 
By Pattl Manbiok, Professor in the University of Ghent, 

1. If two positive quantities Xj =r— «, and y have a constant product r*, their sum, 


r— « + 


= 2r + 


is the smallest possible when zssO, viz. when xmys 
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If we oonsideJr any number of quantities, say four, whose product xyzu is equal 
to a constant jt?, their sum, S 2 =F:i’+.y-hzH-w, is the smallest possible when they are 
all equal ; for if two of the quantities are unequal, we can diminish their sum S, 
by^ replacing each by the square root of their product. From these well-known 
principles we can deduce the solution of a celebrated question, known as Iluygheus’s 
problem, as follows : — 

2. The sums of the products of these quantities, taken two and two and three 
and three, viz. 

Sg = -^yz H-y m + 2 w, S 3 = xyz 4 - xyu +■ xzu -f- yzu, 

are composed of terms which, multiplied together, give a constant product S 3 
and Sg will therefore have their smallest possible values when the terms are equal, 
viz. when xs=y=z=::u. 

3. The product, 

P=(l+a!)(l+,y)(l+a)('l+«), -whicli sl+Si+S^+Sj+j?, 

is the least possible when x=y=z=:zti, because then Si, S^, S 3 have their minima 
values. 

4. The expression 

_ aXYZ 

(«+X)(X4-Y)(Y-FZj(Z4-2,)’ 

in which a and b are constants and X, Y, Z variables, can be written 

and the greatest value of II, or the least value of the denominator of the expression 
last written, corresponds to 

X_Y Z__ft 

- ^ 

for the product 

X Y Z b _ b 
« ’ X • T • Z a 

is constant. 

5. The preceding argument can evidently be extended to any number of vari- 
ables. We are led to seek the maximum of a quantity analogous to H and con- 
taining n variables in treating the well-known question (Huyghens’s) : — Let there 
be any number of perfectly elastic balls ranged in a straight line ; the first strikes 
the second with a given velocity, the second with the velocity communicated by 
the first strikes the third, the third strikes the fourth, and so on, The masses a 
and b of the first and the last being given, determine the masses of the intermediate 
balls that the last may receive the maximum velocity.” M Picart has treated this 
question by means of the differential calculus Nouvelles Annales de Math^ma- 
tiques,’ 18/4, pp. 212-219) ; but the investigation is long. The mathematicians 
who had solved it previously (Huyghens, Lagrange, &c.) nave, he states, only de- 
monstrated that H was really a maximum in the case of three balls, The present 
note contains a simple and complete solution by means only of elementary algebra. 


On the singular Solutions of Differential Equations of the First Order which 
represent Lines at Infinity, By Paul Mansion, Frofessor in the University 
of Ghent. 

1. The following is a rhtmi of the theory of singular solutions of differential 
equations of the first order. 

(I.) If a differential equation, 

'A»»y,y')=0, or (1) 
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lias no general int^al, it will only happn exceptionaUy that it will have a sin- 
gular solution. Wnen this singular solution exists, we have simultaneously the 
three relations 


/= 0 , 





(A) 


or 


,^= 0 , *= 0 , + 


dx 




(B) 


for the values of a? and y which satisfy the singular solution *. 
(11.) If the equation (1) has a general integral, 


F(.r, y, <?) — 0 ; ^2) 

the singular solutions are given by the elimination of o between the relations 



[F = 0, 

II 

■ • . 03) 

or 

or by the systems 

[F = 0, 



i;-»] 

... (4) 

[/=o, 

• • • 03) 

or 

[<#> = 0, 

1 1 

o 

11 

. . . (C) 

equivalent to (3) and (4), unless we have 


d^y 

^dc 

= 0 or 00 

or = 0 or 00 . . . . 

dyde 

... (7) 


Besides, m general^ the two equations (5) or (G) have as a consequence the third 
equation (A) or (B), contra^ to what takes place in the first case f. 

2. M. Barboux, to whom is due the 8ubdi\i8ion of the subject as indicated abo\ e, 
has given several examples where the rule II. seems to fail. We shall show that 
this IS not the case if we introduce in the injinitesiwul analysts the notion of singular 
solutions situated wholly at infinity. 

(I.) The differential equation 


,2 0 
y'^-. -;r = 


.0, 


ov X =0, 


has for its general integral 

(y—c)2— 57^=0, or (y— f)^=0. 


The system (6) cannot give a singular solution. The system (6) leads to a?=sO, 
which does not satisfy the equation, as it belongs to the case of exception (7), viz. 


iydo" 


00 5 the system (6) is not equivalent to (4). The latter gives 

^ 2_ 

dc 8(y— c)^ ^hjx ’ 


viz. a; SB 00 . Now ;r= oo is really a tangent to the cubic (y-c)2-~r'’=0, as is im-* 
mediately evident. 


* BarbouXt ‘ Comptes Eendus/ t. Ixx. pp. 1329-1383 ; Catalan, ‘ Oomptes Bendus,’ 
t. Ixii. pp. 60-67 ; Barboux, ibid. pp. 267-270 ; ‘ Bulletin des Sciences Matn^matiques et 
Astronomiques,’ t. iv. pp. 168-176. 

t P. Mansion, ‘Bulletin de Bruxelles’ (2), t. xxxiv. pp. 149-167; Gilbert, ibid, 
pp. 142-145 ; P, Mansion, ‘Bullettino de Bonoompagni/ t. vi. pp. 283-285 (LugUo, 1873). 
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(II.) The difterendal equation 

y'*+2a7y'— y=0, or 1 
has for its general integral 

(3ya7+2a7^ — 4(y +a7*)’ = 0. 

Putting, for simplicity, 

y+ 07^=22^ 3y^+2a?^+c=22'’, 

we find 

^ _ 2(3y2+2.r^+c ) _ 

dc ~~ 6.r(3ys+2.r^4-c)— 12(y4-.r'-‘)'‘^ 3(ar— 2 ) ^ 

___ dx _ 2(3ya?+2ar^+c) _ 1 

dc 6(y-|-2a:^)(3ya:-h2a?*+c)— 24a?(y+.i‘^)“ 8(a-— 2 )“^ 

and consequently 



The systems (5) and (6) lead to the relation which is not a singular solu- 

tion, as it also belongs to the case of exception (7). But the systems (3) and (4) 
lead to 

2 --a?=x, or Vy-(-a7'*“a7=oo , • (^) 


a relation which is in a certain seme a singular solution of the given equation. 
To show this, put 

Vy-f-«*'‘“"a7=A, or y=2Aa?+A2^ 

and we deduce 


X' = 


2 A* 


On the other hand, the curves represented by the general integral have, after (8), 
for the coefficient of the direction of their tangent 


If A increases indefinitely, these two values of x' tend towards the common limit 
zero. In a certain sense, therefore, the equation (9) represents a singular solution 
of the given equation. 

These two examples are sufficient to explain the apparent exceptions to rule II., 
which we may consequently regard as giving all the singular solutions which are 
not at the same time particular integrals. 


On Singular Solutions, By Professor Henry J. Stephen Smith, F,RS. 


On the Effect of Quadric Transformation on the Singular Points of a Curve, 
By Professor Henry J. Stephen Smith, F,li,S, 


Note on Continued Fractions, By Professor Henry J. Stephen Smith, F.R,S, 


Contributions to the Mathematics of the Chessboard, By H. Mastyn Tayiob, 
M,A,j Fellow and Tutor of Trinity College, Cambridge, 

The object of the paper was to ascertain the relative values of the pieces on a 
chessboard. If a piece be placed on a square of a chessboard, the number of Aquarei 
it commands depends in general on its position. If we calculate the average num- 
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ber of squares wbicli any particular piece commands when placed in succession on 
every square of the hoard, it seems fair to assume that this gives a not very inexact 
measure of ^he value of the piece. 

For special reasons the above problem is stated in the following manner: — “A 
king and a piece of diiferent colours are placed at random on two squares of a chess- 
board of squares : it is required to find the chance that the king is in check.” 
The ordinary chessboard has an oven number of squares; and as some of the results 
take different forms for odd and eten values of n, the results are here given merely 
for even values of w, and the results for the ordinary chessboard of sixty-four squares 
deduced from them. As the relative values of the knight and bishop on the ordi- 
nary chessboard on this hypothesis come out in a ratio very different from the ratio 
that is ordinarily received by chess-players, it occurred to the author to investigate 
the chance that when a king and a piece of different colours were placed at random 
on two imiares of a board, the king should be in check but unable to take the 
piece. This check is called safe chock in distinction to a mere check, which may 
be safe or unsafe, which is called simple check. 

Simple check from one rook . — A rook on any position checks 2(w — 1) squares. 
The king can be placed on — \ squares for any given position of the rook. The 

chance of check, therefore, is ^ . If «s=8, the chance a= ?. 

Safe check from one rook — If the rook be on a corner square, it could be taken 
by a'king in check on two squares, and so on. The number of safe checks by a 
rook on the different squares is given by the following scheme : — 


a 

h 

h 

Number of Number of such 

h 

c 

c 

Rook on safe checks, positions of the rook. 

a 2n— 4 4 

h 

c 

c 

h 2)i— 6 4(n— 2) 



1 

I c 2«-C (»-2)‘ 


The chance 

_ 4(2n-4)+4(w~2)(2n-5)+(w-2f(2a-G) _ 2(w-2) 

n(n+iy 

When ws=8, the chance = 

Simpk check ivith one knight . — The number of squares attacked by a knight placed 
on any square of a chessboard is given by the following scheme ; — 

Ts umber Number of 
Knight of such positions 

on checks. of knight. 

a 2 4 

h ^ 8 

c 4 4(w-3) 

d 0 4(w--4) 

e 8 (w-4)^ 

The chance of check 

, 3.4+3. 8-1-4. 4(«-8)+6.4(w-4)+8(W‘-4)=» _ 8(«-2) 

** 1) n-‘(n+l)* 

If ffisS, chance For a knight all checks are safe checks. 
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The above two cases, which are the simplest, will suffice to show the method 
pursued by the author. In the case of the oishop, n being even, the numerator of 
the chance fraction is equal to twice the sum of the first in terms of the series 

l)(n— l) + (w“l“l)(w— 3)-|-(w-|-3)(w— 5)*f'&c. = J 1)(2«--1). 

The results for the cases of n even are given in the following Table : — 


Knight . . . 

Bishop 

Book 


Two bishops 
Two rooks . 


Chance of tli 
For board c 


Simple 

check. 

8(«~2) 

w“(w+l) 

2 2 ? 2~1 
3 

2_ 

n^l 

2 

3 M(n4'l) 

2 Ow-f^ 

3 2) 
2(2n"~2n--l) 


king being in check. 
squares. 

check 

8 (>i-2) 

2 ( n-2)(2n~3) 

3 W“(n4-1) 
^n-2) 

2 (,^2)(5m-3) 

3 w^(w-hlj 


For board of 64 squares. 


Simple 

Safe 

olieck. 

check. 

1 

1 

12 

12 

5 

13 

30 

144 

2 

1 

9 

6 

13 

37 

36 

144 

1 


4 


37 


93 



It is to be remarked that the relative values of the knight, bishop, rook, and 
queen are, according as we measure them by the chance of simple check or of safe 
check, on the ordinary chessboard in the ratio of 3, 5, 8, 13, and 12, 13, 24, 37 
respectively ; while the values of the pieces in the same order, as given by Staunton 
in the ^Chess-Players’ Handbook,’ are 3 05, 3*50, 6’48, and 9*94, the value of 
the pawn being taken as unity. (The value of a pawn depends so much on the 
fact that it is possible to convert it into a queen, that the method explained in the 
paper does not appear applicable to it ) 


On Laplace^s Process for determining an Arhitrary Constant in (he Integration 
of his Differential Equation for the Semidiurnal Tide, By Sir V. THOMSON, 
FJl.S.y F,KS.E. 

General Integration of Laplacds Differential Equation of (he Tides^, 

By Sir W. Thomson, F,B,S,E. 


On the Integration of Linear Differential Equations with Rational Ooefficimts, 
By Sir W. Thomson, F.E,S., FM.S.E, 


On some Effects of Laplacds Theory of Tides, 
By Sir W. Thomson, F,E,B,, F,E,S,E, 


♦ Published in extenso in the ‘Philosophical Magazine’ for Korember 1B75, aer. 
vol. 1. P‘ 388» 
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Asteoitomt. 

On the Total Solar Eclipse of April 5, 1875, observed at Bangchallo (Siam). 

By Dr. J. Janssen. 

Br. Janssen used a special telescope for the study of the corona. The results 
obtained by the observations are as follows : — 

1. It was established that the line 1474 is infinitely more pronounced in the 
corona than in the protuberances. This line seems even to stop abruptly at the 
edffe of the protuberances without penetrating them. The light, therefore, which 
this line 1474 gives belongs especially to the corona. This ooservation is one of 
the stronjjest evidences that can be brought forward to prove that the corona is 
a real object, matter radiating by itself. The existence of a solar atmosphere 
situated beyond the chromosphere (an atmosphere that Dr. Janssen had recognized 
in 1871 ana proposed to call the coronal atmosphere) thus receives confirmation. 

2. Height of the Coronal Atmosphere , — ^In 1871 Dr. Janssen announced that the 
coronal atmosphere extended from a distance of half the sun’s radius to the distance 
of a whole radius at certain points. This assertion has been confirmed not only by 
the direct observation of the phenomenon, but also by photography. At Dr. 
Janssen’s request, Dr. Schuster took photographs of the corona witn exposures of 
one, two, four, and eight seconds. In this series of photographs the height of the 
corona increases with the time of exposure. The height of the corona in the eight- 
seconds’ photograph exceeds at some points the sun’s radius. (It is true that 
account ought to be taken of the influence of the terrestrial atmosphere.) 

3. As the sky was not perfectly clear at Bangchallo, Dr. Janssen was enabled to 
observe phenomena that explain previous observations of eclipses which seemed 
to invalidate the existence of the corona as an incandescent gaseous medium. 

On the whole the observations of April 5, 1875, have advanced us a fresh step 
in the knowledge of the corona by brining forward new proofs of the existence of 
an atmosphere round the sun, principally gaseous, incandescent, and very extended. 


List of Meteors ohset^ed at Oxford. By the Rev. R. Main, F.R.S. 


Transit of 'Tenus, December 8, 1874. 

By the Rev. S. J. Peeky, F.R.S., F.R.A.S. 

The remarks made referred mostly to the Kerguelen Expedition, of which the 
author had the charge. 

Some of the menibers of this Expedition left England on May 20, and the rest 
on June 20, 1874. All met at the O^e of Good Hope, and proceeded thence in 
two of H.M. vessels, the ^Volage’ (Uaptain Fairfax, R.N.) and the ‘Supply’ 
(Captain Inglis, R.N.). The Crozets were passed with fair wind and weather; but 
a storm encountered oft' Kerguelen delayed the landing for two days. During this 
time many of the sheep, goats, and oxen, and other live stock taken on board at 
the Cape were destroyed, and a large boat carried off by the waves. No injury 
was sustained by the instruments, except the deck thermometers, and no lives were 
lost. 

A few days were spent in surveying the west and south coasts of Royal Sound, 
and two excellent stations were foimd by the aid of Captain Bailey, of the sealing 
schooner ‘ Emma Jane.’ The huts and instruments were erected at once at the 
principal station, and three weeks later at the second station. A third station was 
occupied a few days before the transit, as it was found to be perfectly impracticable 
to attempt observations at MacDonald Island. 

The weathei* generally was not so bad as we had been led to expect j but we were 
visited by snow-storms even in the middle of summer, and the wind blew half a 
gale at least five days out of every seven. Still we were free from mist, and the 
sky was fairly fine during at least part of most days. 
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On the morning of the transit the preparations were all complete, and every 
assistance was rendered to the astronomers dj Captain Fairfax and Captain Inglu 
and the other officers. At Stotions 2 and 3 excellent results were obtained at 
ingress j but a cloud prevented internal contact being obtained at Station 1. During 
the progross of the transit a few photographs, and some measures with the double- 
image micrometer, were taken at Station 1 , clouds, however, interfering with con- 
tinuous work. At egress both internal and external contact were observed at 
Stations 1 and 3. 

Considering the position of the Island of Desolation, these results were considered 
satisfactory, and the determination of the longitude was pursued with all possible 
energy. A most successful chronometer-run had been made from the Cape of Good 
Hope under the direction of Lieut. C. Corbet, R.N., who also connected the three 
British Stations in Kerguelen with those of America and Germany ; but as the 
longitude must depend mainly on lunar observations, no opportunity was lost of 
observing the moon. An altazimuth, especially designed by Sir Gf. B. Airy for 
Kerguelen, procured for the longitude nmety double observations of the moon’s 
azimuth or zenith-distance; whilst the transit gave nineteen meridian passages of 
the moon, and the equatorial one occultation. 

In the mep time the observers carried on a very complete series of meteorological 
and maraetic observations, which were continued during the homeward journey, 
and the Kev. A. E. Eaton studied the natural history of the island. 

Goats and rabbits were left on the island to propagate. 

On February 26th the lunar observations were considered sufficient to secure a 
fundamental longitude ; and, provisions running short, in less than two hours after 
the last meridian observation of the moon II.M.S. ^ Volage ’ and ‘ Supply’ were on 
their way, one to Ceylon, the other to the Cape. 

About a week after leaving the Island of Desolation H.M.S. ^Volage’ encountered 
a cyclone, which might have ended unfortunately for the observers, though their 
observations were secured by being sent home in duplicate on board H.M.S. 
^Supply’ and the ^Monongahela,’ U.S.N. 

Tne other Government Expeditions were sent to the Sandwich Islands, to New 
Zealand, Egypt, and Bodriguez; and all were successful except New Zealand, where 
only a few micrometric measures were obtained. 

The Stations in India and Australia, Lord Lindsay at Mauritius, and other 
private observers were also fairly fortunate ; so that we may hope that England will 
aid largely towards the accurate determination of the solar parallax. 


Light, Heat, and Electricity. 

On the Ratio of the Actinic Power to the Illuminating Power of the Magneto^ 
Electric Light, By Capt. W. pe W. Abnet, R,E., F.C,S,y 

In some recent experiments with magneto-electric machines driven at varying 
speeds, and consequently with varying engine-power, the author obtained photo- 
metric measurements, by optical and also photographic means, of the difleront 
intensities of the light produced. 

At first fidght a oiscrepan^ seemed to arise between the results obtained from 
the two distmct methods. W hen, however, the values were laid down grt^Mcall^, 
showing the power of the lights in comparison with the work expended in their 
producuon, the resulting curves became interesting ; they showed that the actinic 
power of the light diminished much more rapidly than the optical power as the 
work done ” decreased. 

The results of the experiments also showed that there is a certain point for each 
machine beyond which it is wasteful to increase the motive power, tne increase in 
optical or actinic value of the light being very small. 
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On Mirage ni Sm * By Dr. J. Jakssek. 

Many IftCts relating to tlie phenomena of mirage at sea alre^y known ; but 
the author has paid great aiWtion to these appearances in all his voyages since 
IBdBf and has made some remarkable observations on mirage, especially at sunrise 
and sunset He has established: — 1. That the mirage is nearly constant at the 
sur&ee of the sea. 2. That the appearances can be explained by assuming the 
existence of a plane of total reflection, situated at a certain height above the sea. 
8. That the phenomena are due to the thermic and hygrometric action of the sea 
upon the neighbouring atmospheric strata. 4. That there exist at sea direct, 
inverse, lateral, and other mirages. 5. That these phenomena have a very general 
influence upon the apparent height of the searhorizon, which is sometimes lowered,' 
sometimes raised. 

This variation of the apparent horizon it is very important to take into account, 
if we consider the use made of the horizon in nautical astronomy. 


On the Photographic Revolver^ and on the Observations of the Transit of Venus 
made in Japan, By Dr. J. Jakbsek. 

The author’s expedition to Japan to observe the transit of Venus divided Into 
two parts, the one taking up its station at Nagasaki and the other at KoM. 

At Nagasaki he observed the transit with an ^uatorial of 8 inches aper- 
ture. 1. He obtained the two interior contacts. 2. He saw none of the pheno- 
mena of the drop or of the ligament ; the appearances were geometrical. 3. He 
observed facts which prove the existence of an atmosphere to Venus : he saw the 
planet Venus before its entry on the sun’s disk by the aid of suitable coloured glasses. 
This important observation proves the existence of the coronal atmosphere. 5. 
There was taken at Nagasaki a plate by the revolver for the first interior contact. 
6. M. Tisserand observed the two interior contacts with a 6-inch equatorial ; the 
contacts were sensibly geometrical. 7. Sixty photographs of the transit upon 
silvered plates were obtained. 8. There were also obtained some photographs of 
the transit fwet collodion and albumenized glass). 

At Kobi (weather magnificent). — Fifteen good photographs of the transit (wet 
collodion and albumenized glass), of about 4 inches in size, were obtained : they will 
admit of being combined with the English photographs at the southern stations. 
The astronomical observations of the transit were made successfully by M. Delacroix, 
who was provided with a 6-inch telescope. He observed facts which attest the 
existence of an atmosphere round Venus. 


On a Mode of producing a sharp Meridian Shadow, By A. Mailoch. 


On Oie Optical Properties of a Titano-SUidc Glass, 

By Professor Sxoos and 3, Hopkhtsok. 

At the Meeting of the Association at Edinburgh in 1871, Professor Stokes gave 
a preliminary account of a long series of research^ in which the liute Mr. Vernon 
Haioeurt ha^ been engaged on the optical properties of glasses of a great variety 
of eompoeition, and in which, siuoe 1862, Professor Stokes had cooperated with 
him*. One object of the research was to obtain, if possible, two passes which 
should achromadse each other without leaving a secondary spectrum, or a glass 
which should form with two others a triple combination, an objective composed 
of which should be free from defects of irrationality, without requiring undue 
curvature in the individual lenses. Among phosphatic glasses, series in which 

Mr. Harcourt’s experiments were for the most part earned on, the beat solution of 
this problem was offered by glasses in which a portion of the phosphoric was 
replaced by titanic acid. It was found, in fact, that the substitution of titanic for 
* Beport for 1871, Transactions of the Sections, p. S8. 
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phosphoric acid, while raising, it is true, the dispersive power, at the same time 
produces a separation of the colours at the blue as compared with that at the red 
end of the spectrum, which ordinarily belongs only to glasses of a much higher 
dispersive power. A telescope made of disks of glass prepared by Mr. Ilarcourt 
was^ after his death, constructed for Mrs. Harcourt by Mr. Howard Grubb, and was 
exhibited to the Mathematical Section at the late Meeting in Belfast, This telescope, 
which is briefly described in the ‘ Keport ’ *, was found fully to answer the expec- 
tations that had been formed of it as to destruction of secondary dispersion. 

Several considerations seemed to make it probable that the substitution of titanic 
acid for a portion of the silica in an ordinary crown glass would have an effect 
similar to what had been observed in the phosphatic series of glasses. Phosphatic 
glasses are too soft for convenient employment in optical instruments ; but should 
titano-silicic glasses prove to be to silicic what titano-phosphatic glasses had been 
found to be to phosphatic, it would be possible, without encountering any^ extra- 
vagant cur\ atures, to construct perfectly achromatic combinations out of glasses 
having the hardness and permanence of silicic glasses; in fact the chief obstacle at 
present existing to the perfection of the achromatic telescope would be remove^ 
though naturally not without some increase to the cost of the instrument. But it 
would be beyond the resources of the laboratory to work with silicic glasses on 
such a scale as to obtain them free from striae, or even suflicientlv free to permit of 
a trustworthy determination of such a delicate matter as the irrationality of 
dispersion. 

When the subject was brought to the notice of Mr. Ilopkinson he warmly 
entered into the investigation ; and, thanks to the liberality with which the means 
of conducting the experiment were placed at his disposal by Messrs. Chance 
Brothers, of Birmingham, the question may perhaps be considered settled. After 
some preliminary trials, a pot of glass free from strife was prepared of titanate of 
potash mixed with the ordinary ingredients of a crown glass. As the object of 
the experiment was merely to determine, in the first instance, whether titanic acid 
did or did not confer on the glass the unusual property of separating the colours at 
the blue end of the spectrum materially more, and at the red end materially less^ 
than corresponds to a similar dispersive power in ordinary glasses, it was not thought 
necessary to employ pure titanic acid ; and rutile fused with carbonate of potwk 
was used as titanate of potash. The glass contained about 7 per cent, of rutile j 
and as rutile is mainly titanic acid, and none was lost, the percentage of titanic 
acid cannot have been much less. The glass was naturally greenish, from iron 
contained in the rutile ; but this did not affect the observations, and the quantity 
of iron would be too minute sensibly to afiSdct the irrationality. 

Out of this glass two prisms were cut. One of these was examined as to 
irrationality by Professor Stokes, by his method of compensating prisms, the other 
by Mr. Hopkinson, by accurate measures of the refractive indices for several definite 
points in the spectrum. These two perfectly distinct methods led to the same 
result — namely, that the glass spaces out the more as compared with the less 
refrangible part of the spectnim no more than an ordinary glass of similar disper- 
sive power. As in the phosphatic series, the titanium reveals its presence by a 
considerable increase of dispersive power ; but, unlike what was observed in that 
series, it produces no sensible effect on the irrationality. The hopes, therefore, that 
had been entertained of its utility in silicic glasses prepared for optical purposes 
appear doomed to disappointment. 

r.S. — ^Mr. Augustus Vernon Harcourt has now completed an analytical deter- 
mination which he kindly undertook of the titanic acid. From 2*171 grammes of 
the glass he obtained *13 gramme of pure titanic acid, which is as nearly as possible 
0 per cent. 

On ihe Effects of Heat on £ke Molecular Structure of Steel Wires and Rods. 

By Professor W. F. Barrett. 


^ Beport for 1874, Irimsactions of the Sections, p. 26. 
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ExperimenU on Magnetized Rings, Platen, and Dish of Hardened &ieeh 
By P. BeAlHae. 


On the Decomposition of an Electrolyte by Magneto-Electric Induction ♦. 

By J. A. FLEMiNa, BBc. {Lond.), 

When a solid conductor ia moved on a magnetic field induced currents are 
created in it In a solid these expend themselves partly or wholly in producing 
heat in the conductor. This paper is occupied with an examination of the efiect 
produced on electrolytes under the same circumstances, viz. when made to flow or 
move in a magnetic field. Experiments are described to show, first, that induced 
currents are produced under these conditions in electrolytes, and then that the 
electrolyte is to some slight extent decomposed by these currents. 

The experiment which gives pounds fur making this statement may briefly be 
described thus : — A glass tube, § centims. in diameter, has platinum plates placed 
in its interior at the sides ) these are welded to platinum wires sealed through the 
glass. The tube is supported between the poles of a powerful electromagnet 
in such a way that the tube is perpendicular, and the line joining the plates is at 
right angles to the line joining the poles. This tube is connected, by means of a 
siphon, with a reservoir of dilute sulphuric acid, placed at a height of about 
8 metres above the floor. After filling the tube and siphon and carefully depo- 
larizing the plates, the magnet is magnetized by a current from twenty Grove’s 
cells, and then the plates connected by wires with a delicate mirroiygalvanometer 
in another room. 

On allowing the liquid to flow down, the galvanometer indicates a current 
passing across from one platinum plate to another ; this is the induced current 
created by the flow of the liquid in the magnetic field. Various and numerous 
precautions have to be taken to prevent any movement or vibration of the platinum 
plates and variation in the strength of the field. The magnet being kept mag- 
netized, the plates are then short-circuited, after having been carefully depolarized, 
and the liquid allowed to flow down. When the acid is nearly exhausted, this 
short circuit is broken and the flow of the liquid immediately after stopped. 
On joining the plates to the galvanometer a reverse current is now perceived — that is, 
one opposite in direction to the real induced current. This indicates that the 
plates have become polarized again by the effect of the induced current created 
ny the flow of the electrolyte in the magnetic field. It was found that this polari- 
sation could be rendered more decided by covering over the platinum plates with a 
layer of Cparse cloth, or by placing a cloth tube in the intenor of the glass one in 
such a way that the liquid flows down the inside of this tube, but the platinum 
plates are on the outside. The reason of this is because the rapid downrush of the 
liquid mechanically clears away the film of gases from the plates, and so renders 
the polarization less than it should be. 

In the last part of the paper the question is raised of how far the foregoing facts 
may have interfered with the success of Faraday’s experiment on the flow of the 
Thames at Waterloo Bridge. Since this polarization introduces a reverse electro- 
motive force, unless the electromotive force due to the strength of field and velo- 
city and width of stream is greater than that required to decompose water, no 
permmmi current can be produced in an electrolyte flowing in a magnetic field, 
Dttt only a transient one, the strength of the induced current rapidly decreasing as 
it polarizes the electrodes. 


On Position of the Magnetic Equator in Ike Gulf of Siam and in the Gulf 
of Bengal, By Dr. J. Jaessee. 

Br. Janssen made observations at Bangkok, Bangchallo, Ligor, Singora, and Sin- 
gapore; and he concludes that the magnetic equator passes between Lhror and 
Singora about 7° 43' north latitude. igor ana 


♦ Published in extenso in the ‘Electrical News,’ September % 1875. 
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The line without decimation passes very near Smgapore. 

In the Gulf of ^ngal the equator passes throug^h the north of Ceylon (the exact 
position will be given;. 

The position of Ligor has been corrected. It is erroneously placed on the mans, 
latitude 8° 24' 30". 


On the Magnetizing Function of Iron, NicTcel, and CohalU 
By H. A.E 0 WLANI). 


On Magnetic Distribution, By H. A. Howland. 


On the Effect of Stress on the Magnetism of Soft Iron, 
By Sir W. Thomson, F,R,S,, F.B,S.E. 


Meteoeology. 

On the Inflaence of the Physical Properties of Water on Climate, By Heney 

Hennessy, F,R,S.^ Professor of Applied Mathematics in the Royal College 

of Science for Ireland, 

The conditions of climate depend essentially on the thermal properties of the 
materials of the earth’s outer coating. These materials are solid, liquid, and caseous ; 
and inaccurate ideas as to the relative thermal influence of these several suDstances 
necessarily lead to erroneous conclusions regarding problems of climate affecting 
both the present meteorology of the globe and its past geological history. 

Several years since Sir John Herscnel enunciated his views on this question very 
clearly in the following words : — The effect of land under sunshine is to throw 
heat into the general atmosphere and to distribute it by the carrying-power of the 
air over the whole earth. 

“Water is much less effective in this respect, the heat penetrating its depths and 
being there absorbed, so that the siufaco never acquires a very elevated tenaperature, 
even under the equator These views, owing to the high name of their author, 
have naturally commanded much attention, and have been quoted in support of 
theories of terrestrial climate. This has been done especially by the late Sir Charles 
Lyell, in all the recent editions of his celebrated ^ Pnnciples of Geology.’ As Sir 
John Herschel’s views may still exercise an important indirect influence over in- 
quiries into terrestrial climate, the author called attention to the entirely different 
conclusions presented by him some time before the publication of the edition of 
Sir John Herschel’s work from which the foregoing passage is quoted. 

On carefully considering the properties of land, air, and water, with reference to 
heat (namely, their specific heat or capacity for heat, their properties with reference 
to conduction and convection, radiation and diathermancy), he came to the conclusion 
that of all substances largely existing in nature, water was that most favourable to 
the absorption and distrioution of solar heat throughout the external coating of the 
earth. 

The relative heat-storing power of substances depends upon their specific heat ; and 
thus the results published by Pfaundler in Poggenaorff’s ‘Annalen ’ for October 18^, 
p. 102, have an immediate bearing on our inquiries. He has found that the specific 
neat of soils varies from 0*50 down to 0*19, taking the specific heat of water as unit. 
The lowest specific heat is found in sandy soils free from vegetable earth or humus. 
We may in general assume that dry sand, whether calcareous or siliceous, has only 
one fifth of the specific heat of water. As we might expect, this inquirer has found 
that small capacities for heat are favourable to great fluctuations of soil-temperature, 

* Outlines of Astronomy, 1834, p. 286. 
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whfle large capacities liave the effect of lessening such fluctuations. A sandy soil, 
such as that or the groat Afncan desert, although capable of exhibiting a rery high 
temperature during the day, becomes cooled down during the night, and is one of 
,the worst substances for storing up the heat derived from sunshine. Water, on' the 
contrary, stores up such heat better than almost any other body. 

The grounds for the author’s conclusions as to the thermal properties of 
water were fully exhibited in a paper published in the ^Atlantis ’ and the ‘ Philoso- 
phical Magazine’ for 1869, and subsequently republished wholly or partially in 
some foreign scientific journals. Instead of the dictum expressed by Sir John 
Herschel, we may make the following almost diametrically opposite announcement. 
The effect of land receiving sunshine is to throw off the heat it receives, not only 
into the atmosphere^ but into the interplanetc^ spaces by night as well as by dav ; 
and thus, although it rapidly produces a considerable increase of temperature in the 
stratum of air immediately in contact with it during the day, it is ill adapted for 
storing up and retaining the thermal energy it has received. Water is much more 
effective in this respect ; heat penetrates to a greater depth within it, and afterwards 
becomes more steadily absorbed, owing to the much higher specific heat of water 
and the ratchet-wheel action exercised on the luminous heat-rays from the sun, 
which, on their transformation into obscure rays, cannot again return through the 
liquid. Prof. Tyndall has established that this ratchet-wheel action of water exists 
for water in its vaporous state as well as in its ordinary condition, and accordingly 
that a vapour-charged atmosphere, though comparatively diathermanous for the 
sun’s heatrrays, which pass •without considerable loss to the earth’s surface, yet this 
moist air almost completely stops the radiation of non-luminous heat from the 
ground. 

In his earlier researches the author pointed out how the distribution of heat over 
the Caribbean Sea and the Gulf of Mexico, and the general laws followed in the distri- 
bution of the isothermal lines of islands, and especially in the British Isles, confirmed 
these views. 

At this Meeting a remarkable confirmation is afforded by the results communi- 
cated by Captain Toynbee, whereby he has shown that in the equatorial Atlantic 
the water-simace temrierature is higher than the air-temperature above it. With 
regard to geological climate, these conclusions were long since adopted and acknow- 
ledged by Professor Phillips, They have been also adopted, but not acknowledged, 
by other •writers besides the distinguished and lamented geologist to whom this 
Association is so greatly indebted. 

The distribution of terrestrial temperature depends essentially both on oceanic 
and atmospheric currents, and the question of oceanic circulation is thus closely 
connected with that of climate. Much attention has been recently excited by two 
theories — one which ascribes oceanic currents to, the motions of the atmosphere, and 
the other to the direct influence of gravity on masses of water unequally heated. 
This or the gravitation-theory has been already broached in the author’s paper 
already referred to. It has been recently pursued in more detail, and witnhis 
usual ability, by Dr. Carpenter. 


On the possible Influence on Climate of the substitution of Water for Land in 
Central and Northern Africa, By Prof. H. Hennesst, F,R,8, 

The author referred to the fact that more than six years since he had put forward 
proofs of the connexion between some of the hot winds which blow from the south- 
west in Central and Southern Europe with the currents of the Atlantic and not -with 
the desert of Sahara, as has been usually supposed *. Similar views had been also 
enunciated by Prof. Wild, Director of the Physical Observatory of Russia, Prof. 
Dufour of Lausanne, Dr. Hann, and other meteorologists. The attention excited 
by the meat midday heat of Central Africa caused many to overlook the 
remarkably low nocturnal temperature, and thus to ascribe to the desert a thermal 
influence which it does not possess. The conclusions whi<;h the author has established 
•with regard to the physical properties of water in connexion with climate (of which 
* Proceedings of the Boyal Irish Academy, vol, i, p. 496. 
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a rhumS is presented in the preceding paper) enable us to infer that the substitution 
of an area of water over the Sahara for the existing dry land would be followed by 
the storing up of the heat received so largely in that region from the sun’s rays 
which is now partly dissipated by nocturnal radiation. 

A great Mediterranean sea in Afric^ possessing an area equal to the Gulf of Mexico 
and Caribbean Sea, would become, like these seas, a source of positive thermal in- 
fluence on distant places. In the Hed Sea the temperature is high by night as 
well as by day, and this would also occur in the hypothetical Meditemnep of the 
Sahara. The evaporation from its surface would give to the air above an immense 
mass of vapour containing heat in a potential or latent state. This vapour-charged 
atmosphere, like a similar atmosphere over the Atlantic, would tend, in consequence 
of the earth’s rotation, to move from south-west towards north-east, thus carrying 
heat towards the western regions of Asia and the eastern part of Europe Theolimatm 
effect of this sea would, upon the whole, result in a higher mean temperature for 
these parts of the globe, and it would undoubtedly not operate in producing a lower 
temperature in Europe so as to cause a descent of the snow-line. Its action, if any, 
would probably be the reverse. ___ 

On the apparent Gonneodon between Sun'^spots^ Atmospheric Ozone, Rain, and 
Force of Wind, By J. Mopfat, ^e. 

In this paper the author stated that, in discussing ozone obseryationa from 186CM^, 
be observed that the maximum and minimum of atmospheric ozone occurred in 
cycles of years, and that he had compared the number of new groups of sun-spots in 
each year of these cycles with the quantity of ozone j and the results showed that 
in each cycle of maximum of ozone there is an increase in the number of new groups 
of sun-spots, and in each cycle of minimum of ozone there is a decrease in the num- 
ber of new groups of sun-spots. 

In a Table he also showed that there is an increase in the quantity of rain and 
the force of wind with the maximum quantity of ozone and sun-spots, and a de- 
crease in these with the minimum of ozone and sun-spots. 


On the Rainfall in Monmouthshire and the Severn Valley on July \^ih, and 
on some subsequent Floods in England and Wales. By G. J. Symons. 

The author stated that it would hardly have been right to say nothing about the 
wonderful rainfall in the neighbourhood of Bristol on the day named. The rainfall 
was simply a mass of vapour that came up from the west, and commenced to fall as 
rain at Tenby between midnight and 1 a.m, on the morning of the 14th of July. 
Its front edge travelled at the rate of about 18 miles an hour j and at 4 p.m. on the 
same day it passed off by the north coast of Norfolk. As to its breadth, it took 
about 36 hours to pass over any given point. The quantity of water that fell varied 
very much over the whole country, and was deepest on the west side of a line drawn 
from the Isle of Wight to the Isle of Sheppey, and thence to the north-west. Most 
stations in Monmouthshire and Glamorganshire had a rainfall of over 3 inches j at 
fourteen stations the rainfall exceeded 4 inches, at six it was over 6 inches; and 
at Tintem Abbey, usually considered a dry station, the rainfall was 6*31 inches in 
24 hours. The result of this heavy rain was, as many of the inhabitants^ of Bristol 
know too well, that most of the low-lying parts had been flooded. This was fol- 
lowed, especially in the Midland Counties, and as for north as Manchester, by storms 
in which from 2 to 3 inches of rain fell j and this coming on saturated ground, a ^eat 
deal of damage was done in Leicestershire, Cambridge, and Huntingdon ; and he 
mentioned as an instance that when the day arrivea for holding the Huntingdon 
races, the race-course was 2 feet 6 inches under water. The rainfall during July 
was wonderfully concentrated; for instance, at Tamworth there was the extraorainaiy 
Ml of Oi inctea in 8 days, or I of lie average rainfall for a year. 
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CHEMISTEY. 

AMrm hy A. G. Vebnon Habcoitet, M,A,y F*It,8»i F,C.8.f Frestdeni of the 

Section. 

To the privilege of presiding over this Section custom has added the duty of 
offering some preliminary remarks upon the branch of science for whose advance- 
ment we are met. 

In discharge of this duty some of my predecessors have reviewed the progress of 
Ohenustry during the previous year ; ana until a few years ago there was no more 
needful service that your President could render, though the task of selection and 
abstraction was one of ever-increasing difficulty. But a few years ago the wisdom 
and energy of Dr. Williamson transformed the Journal of the Chemical Society 
into a complete record of chemical research, and this Association materially pro- 
moted the advancement of science when it helped the Chemical Society in an 
undertaking which seemed at one time hopelessly ^yond its means. The excellen 
abstracts contributed to the Journal err, if at all, on the side of brevity ; and yet 
the yearly volume seems to defy the bookbinder’s press. I shall not venture to 
attempt further abstraction, nor to put before you in any way so vast and miscel- 
laneous an aggregate of facts as the yearly increment of chemistry has become. 
I^he advancement of our science (to borrow again the well-chosen lanffuage of the 
founders of this Association) is of two kinds. The first consists in the discovery 
and co-ordination of new facts ; the second in the diffusion of existing knowledge 
and the creation of an interest in the objects and methods and results of scientific 
research. For the advance of science is not to be measured only by the annual 
growth of a scientific library, but by the living interest it excites and the number 
and ardour of its votaries. The remarks I have to offer you relate to the advance- 
ment of Chemistry in both aspects. 

One fact has been brought into unpleasant prominence by the Journal of the 
Chemical Society in its present form — ^namely, the small proportion of original work 
in Chemistry which is done in Great Britain. All who are ambitious that om* 
country should bear a prominent part in contributing to the common stock of 
knowledge, and all who know the effect upon individual character and happiness 
of the haliit and occupation of scientific inquiry, must regret our backwardness in 
this respect. The immediate cause is easily found. It is not that English workers 
are less inventive or industrious than their fellows across the Channel, but that 
their number is exceedingly small. How comes it that, in a country which abounds 
in rich and leisurely men and women (for neither the reason of the case, nor the 
jealousy of the dominant sex, nor partial legislation excludes women from sharing 
this pursuit vrith men), there are so few who seek the excitement and delights of 
dbemical inquiry P Moralists tell us that the reason why some men are content 
with the pleasures of eating and drinking and the like is, that they have never 
had expenence of the greater pleasure which the exercise of the intelligence affords. 
I am not about to represent it as the moral duty of those who have means and 
leisure to cultivate Chemistry or any branch of science ; but no taste for a pursuit 
can be developed in the absence of any knowledge of its nature. A taste for 
Chemistry is often spoken of as a peculiar bias with which certain men are born. 
No doubt there are differences in natural aptitudes and tastes ; but the chief reason 
why it is so rare for men of leisure to addict themselves to scientific pursuits is, 
that so few boys and young men have had experience of the pleasure which they 
bring. Much h^ been done during the last twen^ years, both at the Universities 
and at the Public Schools, to provide for the teaching of science. To speak of what 
I know best, the University of Oxford has made literal provision for the teaching 
of science, and for its recognition among the studies requisite for a degree ; nor 
have the several Colleges been backward in allotting Scholarships and Fellowships 
as soon as and whenever they had reason to believe that those elected ffir profi- 
ciency in science would be men equal in intellectual calibre to those elected for 
proficiency in classics or mathematics. But the result is somewhat disappointing ; 
and under a free-trade system science has failed to attract more than a small p^- 
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centage of Uniyersity students. Excellent lectures are delivered by the Professors 
to scanty audiences, and the great bulk of those educated at the Uniyersity receive 
no more tincture of science than their predecessors did twenty years ago. 

The recognition of Science among the subjects of University examinations is by 
no means an unmixed advantage to those concerned. Examinations have played 
and will continue to play a useful part in directing and stimulating study, and in 
securing the distribution of rewards according to merit ; but they produce in the 
student, as has often been ^inted out, a habit of looking to success in examination 
as the end of his studies. This habit of mind is peculiarly alien to the true spirit 
of scientific work. Only such knowledge is valued as is likely to be producible at 
the appointed time. Whether a theory is consistent or true is immaterial, provided 
iih probable — that is to say, advanced by some author whose authority an examiner 
would recognize. All incidental observations and experimental inquiry lying out- 
side the regular laboratory course, which are the natural beginnings of onginal 
work, must be eschewed as trespassing on the time needed for preparation. The 
examination comes ; the University career is at an end ; and the student departs, 
perhaps with a considerable knowledge of scientific facts and theories, but without 
naving experienced the pleasure, still so easily gained in our young science of 
Chemistry, of adding one new fact to the pile of knowledge, and, it may be, with 
little more inclination to engage in such pursuit than have most of his contempo- 
raries to continue the study or Aristotle or Livy. 

However, examinations have their strong side, to which I have referred, as well 
as their weak side j and although it is the natural desire of a teacher to see his 
more promising pupils contributing to the science with whose principles and 
methods they have laboured to become acquainted, the younger, like the elder, 
branches of knowledge must be content to serve as instruments for developing men’s 
minds. Chemistry can only claim a place in general education if its study serves, 
not to make men chemists, but to help in making them intelligent and well in- 
formed. If it is found to serve this purpose well, the number of chemical students 
at the Universities ought to increase ; and if the number increases, no rigour of the 
Examination System will prevent one or two, perhaps, in every year adopting 
Chemistry as the pursuit of their lives. But the Universities have little power to 
determine what number of students shall follow any particular line of study. With 
certain reserves in favour of classics and mathematics, their system is that of free 
trade. Young men of eighteen or nineteen have tastes already formed, some for the 
studies which were put before them at school (in which, perhaps, they are already 
proficient and have been already successful), some for games and good-fellowship, 
it is, from the nature of the case, with the masters of schools that the responsibility 
rests of fixing the position of science in education. During the last ten years 
provision has been made at most of the larger schools for tue teaching of some 
branches of science ; and those who recall the conservatism of schoolboys, and their 
consequent prejudice in favour of the older studies, will understand a part of the 
difficiuties which have had to be encountered. The main and insurmountable 
difficulty is what I may call the impenetrability of studies. A new subject cannot 
be brought in without displacing in part those to which the school-hours have been 
allotted. It is the same difficulty which occurs again and again in human life. 
There are many things which it would be well to know and well to follow j but 
life, like schooltime, is too short for all. From the educational phase of this diffi- 
culty the natural difierence of tastes and aptitudes provides in some degree a way 
of escape. I think that wherever a school can afford appliances for the teachinjg 
of Chemistry, all the boys should pass through the hands of the teacher of this 
subject. Two or three hours a week during one school-year would be sufficient to 
enaMe the teacher to judge what pupils were most promising. There may be in- 
stances to the contraryj but I do not think it likely that any boy who attended 
chemical lectures for a year without becoming interested in the subject would ever 
pursue it afterwards with success. Suppose that out of one hundred boys who 
nave gone through this course five are sheeted as having shown more intelligence 
or interest than the rest ; they should be permitted to give a considerable part of 
their time, while still at school, to stuaying science, without suffering loss of 
position in the school or forfeiting the chance of scholarships or prizes. If any 
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such system is possible and were generally adopted, each sohool sending annuaHv 
to the Universities, or other institutions for the education of young men, its small 
tjoutribution of scientific students, the Professors’ lecture-rooms and laboratories 
would be filled with young men who had already learnt the rudiments of science. 
Laboratories of research as well as of elementary instruction would find a place at 
the English Univereities, and the reproach of barrenness would be rolled away. 

Some of the defects or difficulties to which I have adverted are perhaps peculiar 
to our older schools and universities. The introduction of the study of natural 
science has borne earlier fruit in schools whose celebrity is of more recent date, 
such as the excellent College in this neighbourhood. Oxford and Cambridge ought 
to possess, but are far from possessing, such laboratories as have lately been built 
at the Owens College, Manchester. It is proposed to constitute in this city a 
College of Science and Literature, similar to Owens College and in connexion with 
two of the Oxford Colleges. The scheme set forth by its promoters appears 
thoroughly wise and well considered, and all who are interested in scientific educa- 
tion must wish it success. 

I have placed first among the modes in which science, and in particular Chemi- 
cal science, may be advanced the assignment to it of a more prominent and honoured 
place in education ; but owing, as I do, my own scientific calling and opportunities 
of work to a bequest made to Christ Church by Dr. Matthew Lee more than a 
hundred years ago, I cannot forget or disbelieve in the influence of endowments. 

I have spoken of the leisurely class in this country as that to which scientific 
Chemistry must look for its votaries. In our social conditions and in the absence 
of endowments it is hard to see where else they can be found. Men who have 
their livelihood to make cannot afford to spend money, and still less to bestow their 
time and energy, on the luxury of scientific inquiry. Even if they have the oppor- 
tunity of earning their livelihood by scientific teaching, and with it the command 
of laboratory and apparatus, no leisure may remain to them for original work ; and 
the impulse to such work (often, it must be admitted, of a feeble constitution) 
may be starved in the midst of plenty. The application of endowments to the 
promotion of original research is a aifficult question. I am inclined to think 
that posts, constituted chiefly with this object, should be attached in every case 
to some educational body, and should have light educational duties assigned to 
them. The midtiplication of such posts in connexion with the many colleges 
and schools in this country, where there is some small demand for chemical 
teaching, with the provision in each case of a sufficient laboratory and means of 
work, woidd probably do more than any centralized scheme for the promotion of 
chemical research. 

To the advancement of Chemistry by the formation of public opinion on the 
questions of scientific education and the endowment of original research, the 
Chemical Section of the British Association may reasonably nope to contribute. 
But doubts have been expressed as to the serviceablenesa of this or any such 
organization for the direct advancement of our Science itself. No doubt we can- 
not accomplish much. Chemical inquirers at the present time may he compared 
to a party of children picking wild' flowers in a large field ; at first all were near 
together, hut as they aavanced they separated, till now they are widely scattered, 
singly or in groups, each busy upon some little spot, while for every flower that is 
gathered ten thousand others remain untouched. 

That the Science of Chemistry would advance more rapidly if it were possible 
to organize Chemists into working parties, having each a definite region to explore, 
cannot, I think, be doubted. Is such organization in any degree possible P 

The experiments of which Bacon has left a record, though curious historically, 
have no scientific value. But in one respect his * Phyaological Bemains ’ ftuTiish 
an example which we might follow with profit. Eurthermore,” he writes, we 
propose wishes of such things as are hitherto only desired and not had, together 
witn those things which border on them, for the exciting the industry of man’s 
mind.” I will quote furthe^ as an example, a part of one of his wishes,” which 
has very recentfy been fulfilled. " Upon glass four things would he put in proof. 
The first, means to make the glass more crystalline. The second, to make it more 
strong for falls and for fire, though it come not to the degree to be malleable.” 
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I do not know that the industry of M. de la Bastie’s mind was excited by 
Bacon^s mention of glass more strong for falls and for fire among things hitherto 
only desired and not had : but the conception of such an enumeration seems to 
me worthy of its author. Much fruitless and discouraging labour might be saved, 
a stimulus might be given to experimental inquiry, and chemical research might 
become more systematic and thus more productive, if Bacon’s example were 
followed by the leaders of Chemistry at the present day. 

The Council of the Pharmaceutical Conference, whose meeting has just pre- 
ceded our own, has published a list of subjects for research which they commend 
to the attention of Chemists. Where one of these subjects has been undertaken 
by any Chemist his name is appended to it. Might not the representatives of 
Scientific Chemistiy issue a similar list P 

Perhaps two or three of the distinguished English Chemists who are members 
of this Association might be willing to serve on a Committee, which should put 
itself into communication with the leaders of Chemical inquiry abroad, and 
should make and obtain and publish suggestions of subjects for research. Such a 
list so got together would, I think, find a welcome place in all scientific journals, 
and would thus be widely known and easily accessible to every student. 

That which chiefly makes the organization of Chemical inquiry desirable is the 
boundless extent of the field upon which we have entered. Not every fact, how- 
ever laboriously attained and rigorously proved, is an important fact in Chemistry 
any more than in other branches of knowledge. Our aim is to discover the laws 
which govern the transformations of matter ; and we are occupied in amassing a 
vast collection of receipts for the preparation of different substances, and facts as 
to their composition and properties, which may be of no more service to the 
generalizations of the science, whenever our Newton arises, than were, I conceive, 
the bulk of the stars to the conception of gravitation. 

It may, however, be urged that the growth of Chemical theory keeps pace with 
the accumulation of chemical facts. It is so, if the elaboration of constitutional 
formulas is leading us up to such a theory. But at present, however useful and 
ingenious this mode of summarizing chemical facts may be, it does not amount to 
a theory of Chemistry. 

Two obiections to regarding such formulae as any thing more than a chemical 
short-hand, as it has been termed, seem worth recalling. The first is mentioned at 
the outset in most text-hooks in which these formulas are employed, but some- 
times, I venture to think, lost sight of afterwards. The arrangement of the atoms 
of a molecule in one plane is equally convenient in diagrams and improbable as a 
natural fact. But is not this arrangement used as though it wore a natural fact 
when the possible number of isomeric bodies is inferred from the number of 
different groupings of the atoms which can be effected on a plane surface ? The 
conceptions of plane Geometry are much simpler than those of solid Geometry 
(which is another recommendation of the present system of fonnulse) ; but so far 
as I am able to follow the similar theories which have recently been propounded 
independently by MM. Le Bel and Van ’t Hoff, the consideration of the possible 
isomerisms of solid molecules leads to new conclusions *. Wislicenus has found that 
paralactic acid undergoes the same transformations as ordinary lactic acid when 
heated and when oxydized. The two acids difier in their action on polarized light. 
His conclusion is that paralactic acid does not differ in its atomic structure from 
the lactic acid of fermentation, and that the kind of isomerism which exists between 
the ‘two acids is not connected with the difference in the reciprocal arrangement of 
the atoms, but rather with a difference in the geometric structure of the molecule. 
To this difference he^ gives the name of geometric isomerism ” f- The authors 
named above agree in supposing that the action of substances in solution on 
polarized light results from an unsymmetrical arrangement of atoms and radicles 
in three dimensions around a nucleus-atom of carbon. 

The second objection relates to the statical character of the account which 
developed ” formulsa give of the differences between different kinds of matter. 
The moaem theory of heat supposes not only that the molecules which constitute 

Bull, de la Soc. Chim. de Paris, t. xiii. p. 337, and t. xxiii. p. 295. 
t Ann. de Chim. et de Phys., 5e s^rio, t. i. p. 122. 
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any portion of matter are in constant rapid motion, but that the atoms which con- 
stitute each molecule are similarly moving to and fro. Such movement might be 
an oscillation about the position assigned to the several atoms in the constitutional 
formula of the molecule. Since, however, the modes of formation and decompo- 
sition of substances are the principal facts upon which their formulae are based, it 
is to be considered whether these facts may not depend altogether upon the nature 
or average nature of the motion impressed upon the atoms — that is, upon dynamical 
and not upon statical differences. 

Many substances are known whose existence is contrary to the theory of 
valency and saturation, such as nitric oxide and carbonic oxide; others wnich 
trans^ss the theo^ of isomerism, such as chloride of dichlordibromethane 
(C“ Cl* Br*, Cl*) ana bromide of tetrachlorethane (C* Cl^ Br*), which should be 
identical, but are isomeric * : yet these theories are simply an expression of the state- 
ment that certain substances can exist or can differ, while others cannot. It is true 
that in the vast majority of cases the theoretical limitation seems to hold good. 
But just as the absence of any fossil remains of the connecting links between 
species is only significant if the geologic search has been sufficiently thorough, so 
it is with chemical theories depending upon the non-existence of certain classes of 
bodies. Indeed, in our case, where mvestigation is guided by theory, and, as a 
rule, only those things which are looked for are found, the limitation may be 
partly of our own making. A Chemist who should depart from the general course, 
and set himself to prepare substances whose existence is not indicated by theory, 
would perhaps obtain results of more than the usual interest. 

Among chemical inquiries, if ever such a list as I have ventured to suggest 
should be drawn out, 1 hope that many would be included relating to the most 
familiar substances and the simplest cases of chemical change. The thorough 
study of a few reactions might perhaps bring in more knowledge of the laws of 
Chemistry than the preparation of many new substances. 

I believe that if any Chemist not content with a process giving a good yield of 
some product examines minutely the nature of the reaction, observing its course 
as well as its final result, he will find much more for study than the chemical 
equation represents. He will probably also find that the reaction and its con- 
ditions are of a formidable complexity, and will be driven back towards the 
beginnings of Chemistry for cases sufficiently simple for profitable study. 

In concluding my remarks, I desire briefly to refer to another branch of Chemical 
Science, to the advancement of which this Association seeks to contribute — I 
mean, applied or technical Chemistry. One of the principal differences between 
the papers read before this Section, as a class, and those which the Chemical 
Society receives, is the larger proportion in our list of papers on technical subjects. 
Whatever Chemists may hold, there can be no doubt that the estimation of our 
science by the outside world rests largeW on the well-founded belief that Chemistry 
is useful. Indeed, though scientific Chemists are justly eager to vindicate the 
value of investigations remote from any application to the fSts, they cannot but 
feel a livelier sense of triumph when the successful synthesis of a vegetable 
principle yields at the same time a product of great technical value, as in the case 
of the production of artificial alizarin, 

By visiting in turn the principal centres of British industry, this Association 
brings together men engaged on pure and on applied Chemistry. We who come 
as visitors may hope that om papers and discussions here may bring fresh 
interest in the science, if not actuu hints for practice, to those whose art or 
manu&cture is based on Chemistry. In return, the most interesting communica- 
tions the Section has received have not unfrequently been the descriptions of local 
industries ; and there is no part of our hospitable reception more welcome and 
more instructive to us than the opportunities which are provided of seeing chemical 
transformations on a large scale effected by processes which observation and inven- 
tiveness have gradually Drought to perfection and with the surprising familiarity 
and sffiU which are engendered by dally use. 

* Bull, de la Soc. Chim. de Paris, t. xxiv. p. 114. 
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Note on a Method of effecting the Solution of difficidtly Soluble Substances. 
By A. H. Allen. 


On the Nature of Berthehfs Vinylic Alcohol. 

By Henet E. Armstrong, Ph.D. 

According to Berthelot, acetylene is slowly absorbed when agitated with con- 
centrated sulphuric acid ; and if the solution be diluted with water and distilled, 
a liquid product is obtained which is slightly more volatile than water, and 
possesses an extremely pungent odour recalling somewhat that of acetone. 

This product does not appear to have been obtained in a state of purity and 
analyzed ; nevertheless Bertnelot regards it as vinylic alcohol (C^ H 3 . OH), formed 
by the addition of the elements of a molecule of water to a molecule of acetylene ; 
and it is described as such in several of our text-books. The author believes, 
however, that theoretical considerations warrant a totally different conclusion. 

Thus experience entirely justifies the assumption that the first action probably 
consists in the combination of a molecule of acetylene with two molecules of sulphuric 
acid in the manner represented by the equation 


CH 


CH, 

(3H(HSOJ,’ 


and that the compound thus formed would be resolved by distillation with water 
into sulphuric acid and aldehyde-hydrate : 


OIL 




+ 20H,= | 


CH3 
= 1 

OH(OH) 


+ 2H3SO,. 


But Kekul^ and Zincke’s experiments on the condensation of aldehyde lead us to 
believe that the aldehyde thus produced would, under the influence of the sulphuric 
acid, be converted into crotonic aldehyde : 


CH3 

21 


OIL 


o(on),=cii 


+ 20H,; 


on . ooH 


and since the properties of Berthelot’s product agree closely with those assigned to 
crotonic aldehyde, there can be little doubt that the supposed vinylic alcohol is in 
reality that compound, especially as the properties (b.p. &c.)*of the ^‘vinylic 
alcohol ” are not at all those which are likely to characterize the lower homologue 
of allylic alcohol. Experiments to prove this are already in progress. 


On the AlJcaloids of the Aconites. By G. H. Beckett and C. B. Alder Wright, 
D.Sc.^ Lecturer on Chemistry in St, Mary's Hospital Medical School. 

Through the kindness of Mr. J. B. Groves, of Weymouth, we received for ex- 
amination a quantity of the c^stalline mixed nitrates of certain bases contained in 
Acanitum napellus, together with the hydrochloride of a base which separated from 
the liquor at a cei^in state of concentration during the process of extraction, and 
a crystalline base extracted from A. ferox ; the method of extraction was, in each 
instance, essentially exhaustion by alcoholic hydrochloric acid, evaporation to a 
small bulk, and extraction of the alkaloids by addition of ammonia and ether. 

After careful purification, the hydrochloride above mentioned gave numbers 
which are best represented oy the formula O,, HCl, 0. This salt 

crystallizes from water in small silky crystals, but the solutions have a strong 
tendency to supersaturation : the free base refuses to crystallize from ether or 
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alcohol, separatinff aa a varnish which becomes a mass of crystals on moistening 
with a drop of dilute hydrochloric or nitric acid; this base apwars to be almost 
inert, its salts possessing a bitter taste, not poducing the priclobg of the tongue 
chai^acteristic of the aconites, and, ac^rding to Mr. Groves’s observations, producing 
no result when swallowed by the human subject in half-grain doses. 

From the mixture of nitrates a base was extracted (by means of spontaneous 
evaporation of the ethereal solution of the mixed free bases) which crystallized 
reaaily from ether in small anhydrous crystals, producing energetically the aconite 
tongue-prickling, and forming well-crystallized salts ; the yield of pure base from 
2 c^. of roots was, however, very small, being only a very few grains. This sub- 
stance gave numbers agreeing with the formula CggHigNOn, the air-dry hydro- 
chloride containing 31^0 ; the body answered to the description of crystalline 
aconitine ” given by Duquesnel ; hut the formula arrived at W this chemist was 
C^H,oNO,o. 

The base from A. ferox gave numbers agreeing with the formula 03 bH 4 j,NOii ; 
it crystallizes in indistinct crystals from ether and alcohol by spontaneous evapora- 
tion : its salts refuse to crystallize, drying up to varnishes. On leaving the freshly 
precipitated free base in contact with water and emulsin a change is produced, a 
salt of an alkaloid not yet investigated being gradually formed in solution ; no 
glucose, however, can be detected in the liquid. 

Apparently the two last described bases of the aconites are readily alterable ; on 
treating with mercuric iodide dissolved in potassium iodide the solution of their 
salts, iodo-mercurates, are precipitated ; and on decomposing these with sulphu- 
retted hydrogen, removing iodine by lead acetate and regenerating the bases by 
Smmonia and ether, substances were in each case obtained possessing apparently a 
lower molecular weight than the original base used (i e. the gold salt contained a 
somewhat larger percentage of gold). One specimen of the A, ferox base thus re- 
generated from the iodo-mercurate by Mr. Groves was magnilicently crystalline, 
forming well-defined rhombohedra ; whilst that examined by the authors (prepared 
by Mr. Groves from a different batch of roots) was only indistinctly crystalline, 
and quite different in appearance under the microscope. These and other analogous 
circumstances observed lead us to conjecture that either the constituents of the 
roots are variable under different conditions of soil, climate, &c., or that the alka- 
loids originally present are apt to undergo considerable changes during the process 
of extraction. 


On Japanese Camphor from Peppermint By G. H. Beckett and C. E. Aldeb 

Wbioht, Lecturer on Chemistry in St. Marfs Hospital Medical School* 

Oppenheim has shown that this camphor is a monatomic alcohol indicated by 
the formula Hi« . OH, and that by the action of dehydrating agents it loses the 
elements of water, forming a hydrocarbon, menthene, Hjg. 

Through the kindness of Mr. John Moss (Messrs, Corbyn and Co.) we received a 
quantity of this camphor, and obtained the following corrected values for the 
melting- and boiling-points of the purified substance and its derivative menthene ; — 

Camphor, melting-point 42° (in capillary tube). 

. „ boiling-point 212°. 

Menthene, „ 164°*6 to 166°’6. 

Mr. Moss found 80^ as the melting-point and 87° 5 as the solidifying point of 
another specimen of camphor less completely purified ; whilst Oppenheim gives 30® 
as the mSting-point and 210° as the boiling-point of the camphor, and 1C3° as the 
j^iling^point of menthene. 

On cautiously adding four equivalents of bromine to menthene combination takes 
place, energetically at lirs^ more slowly ultimately. The final product, CioHigBr*, 
may w regarded as a derivative of a marsh-gas homologue, 0,0 t. c. as tetra- 
hromch^ane; on heating, this substance breaks up into cymene and bydrobrcwnic 
add, thus;'— 

a 4HBt + 
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The cymene thus obt‘ ‘ Is identical with that described in former Eeports 1 
Association by one ol being produced from numerous terpenes and subsf 

contained in essentia tnd allied to the terpene family. 

It thus results tha single reaction of decomposition a paraffine substi 
derivative breaks up. ng a benzene homologue, a somewhat unusual 
quite novel reaction. 

Simultaneously wi d Japanese peppermint-camphor a liquid oil is imp 

this seems to be the liqiiid portion of an essential oil from whicn the solid hf 
partially separated by sending and pressure. From the results obtained, it 
that this oil consists either of the solid camphor or of a liquid isomeride dissf 
or mixed with a liquid oil of composition Hjy 0, and identical or isome 
the similar substance constituting the majority of citronella-oil. By the i 
dehydrating agents, menthene, terpenes and their polymerides, and resinoi 
are formed from the liquid oil. 

Some further Experiments on Crystallization of Metals by Electi 
By P. Beaham. 


Some Account of the Manufacture and Rejming of Sugar in Bristo 
By Henrt T. Chamberlain. 

For about two centuries refining of sugar has been carried on here 
style was rude and little beyond melting in open pans by fire heat, an 
the sugar to granulate. This old and uncertain process was much short 
new style and improvements, which consisted of the use of animal c 
the vacuum-pan, afrerwards followed by the introduction of the ceutrifug 
for all sugar except loaf. 

There is now scarcely any loaf made in England ; the French have an 
ally unfair monopoly. The refiners now make only finest crystals, fim 
pieces, and treacle, most of them pleasing to the eye and pure in quality 
Knowledge is now brought much into use in sugar-refining. The foil 
of manufacture is used by most refiners. The raw sugar as imported i 
a little water, then filtei^ through bags, and afterwards through ai 
into cisterns, the first runnings pure and colourless as water ; it is 1 
vwmoy at a low temperature, to the granulating point, taken from t 
centrifugal mewjhine, where in a few minutes of revolution all moist ^ unven 
ofiP, and the sugar remains finished and fit for use. As far as possible, all syrups 
are flowed to run by gravitation to save pumping. All syrups uncrystallwable 
form treacle, all washings and sweet wat^ are evaporated, and not a particle of 
saccharine matter is lost. 

There are four sugar-refineries in Bristol, working, or capable of working, 1700 
to 1800 tons weekly, 

Action of E^yT-hrofmhutyraU upon EthyUsodaceto^cetate, 

By F, CiowEs, B.Sc., F,0,S, 

^ Ethyl-hromohutyrate was prepared by the method of Gorup-Besanez and Elink* 
rieck*, and the fraction boiling between 175^^ and 186° C. was added riowly to a 
benzene solution of ethyl-sodaceto-acetate prepared as directed by Wislicenus t* 
A violent reaction occurred with evolution of much heat and separation of sodium 
bromide. 

After heating the mixture on the water-bath until no frirther separation of 
sodium bromide occurred, the benzene was removed by distillation^ and the sodium 
bromide by washing with water. The resultii^ liquid was rapidly fractionated, 
and the portion which distilled over between 260^ and 263° again fractionated $ on 
being supjected to an elementary analysis it yielded the following analytical num- 
bers, wbich agree perfectly with those require by diethyl aceto-ethyl suodoate 


* Aim* Cfoem. u. Pham. oxriiL 248. 
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D‘2044 grm. of substance yielded 0*1617 H* 0 and 5 CO„, 

0*2039 grm. of substance yielded 0*1604 Ha 0 an( 12 COj. 

JH. Tbeoiy. Found. 

I I. IL 

'0 C,H, 

I 

H-CH-C00C,H. 

00, H, lOOOO 10000 100-00 


Usa oy*U2 69*04 69*01 

H= 8*19 8*24 8*19 

0= 32*79 \ 32*72 32*80 


lew ether is a colourless liquid of peculiar unpleasant smell ; its boili^- 
about 262° 0, ; as indicated by theory, it acts readily upon sodium with 
' of hydrogen. 

rther study of the properties of this ether and of its isomer derived from 
acid; and more especially their decomposition under the influence of 
ydrates; are already under investigation. 


TJu Tobacco Trade of Bristol, By Thokab Davey. 


'e Method of determining the Proportion of Carbonic Add in Air, 
By A. S. Davis. 


the Chemical Theory of Gunpowder, By Dr. Debus, F,EB. 

\x stated that ever since the introduction of^npowder this subject has 
isiderable attention from chemists. The ftench chemist Gay-Lussac 
\t to make a systematic analysis of the products of combustion ; but it 
sible satisfactorily to explain the reactions taking place by a formula, 
es of Professor Bunsen and Schischkofl* have shown that a much larger 
iducts is formed than was previously supposed, rendering it even more 
iplain the nature of the changes taking place by a symbolic formula. 
* isen, of Heidelberg, found, by the combustion of a mixture of hydrogen 

and‘CH<. oxide with a quantity of oxygen not sufficient to bum the whole of 

the two gases, that the water and carbonic acid produced stood to each other in 
proportion of their molecular weights, or their molecular weights multiplied by 
simple coefficients ; and these coefficients may be the same for mixtures oi various 
compositions, but change suddenly when the amount of one or both of the gases is 
changed beyond certain limits. The author has shown that the same law obtains 
when a mixture of baric and calcic chloride is precipitated by an insufficient amount 
of sodic carbonate, viz. that the barium carbonate and calcium carbonate precipi- 
tated are in proportion of their molecular weights, or their molecular weights 
multiplied by a simple coefficient. A necessary condition is that the reactions 
should be simultaneous. In the combustion of powder in an ordinary gun this 
condition is very nearlv satisfied, and accordin^y the quantities of some of the 
products formed obey the law enunciated by Bunsen. The author deduced from 
the analytical results published in Messrs. Noble and Abel’s most excellent 
researches on fired gunpowder, as well as from the analyses of the products of the 
combustion of powder published by Bunsen and Schischlkoff, the fouowing general 
results concemmg the products of combustion ; — (1) the sum of the potassium con- 
tained in thepot^c hyposulphite, sulphate, and sulphide stands to the potassium 

in the potassium carbonate ap ' — *“ “ — ' ^ 

the carlbonlc oxide stands to 


in simple proportions j (2) the carbon of 
le carbon of the potassic carbonate also approximately 
in a simple proportion. From this, as well as from the relation of the sum of the 
potasrium contained in the sulphide and hyposulphite to the potassium in the sul- 
phate, it is possible to form a theory for ^e combustion of powder. There are 
several -reactions between the constituents of powder when the latter is fired. Two 
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of these are simultaneous j the way in which the others succeed each other cannot 
be accurately determined j, at first, when a portion of the carbon is burned, potassic 
carbonate, carbonic oxide/, nitrogen, and carbonic acid are produced. Simultane- 
ously with this reaction I another takes place — a portion of the saltpetre and the 
whole or a portion of the sulphur form potassic sulphate and carbonic acid. The 
action of stfll unbumt carbon and of free sulphur on the potassic sulphate, in a suc- 
ceeding stage of the combustion, causes the formation of potassic sulphide and hypo- 
sulphite,^ On the ground of such considerations, the processes taking place during the 
combustion of powder can be represented by equations. These, with other details, 
will be published elsewhere. 


On the Manufacture of Bole-leather in Bristol, 

By Spaeke Evans, Avonside Tannery, 

Very little notice is taken of the trade in city records, probably from the position 
of the tanneries being outside the city boundai’ies. In 1816 there were nine tan- 
neries, now there are thirteen. The trade was formerly much fettered by absurd 
restrictions and excise laws. The leather made in this locality is of excellent 
quali^, from proximity to oak-woods and the length of time allowed in tanning. 

M^Oullock estimates the leather-trade as third in importance in the United 
Kingdom, giving precedence only to wool and iron. 

The growth ot commerce caused such a demand for leather that it would soon have 
attained a fabulous value but for the introduction of South- American hides and 
Turkish Valonea. South- American hides were first imported to Castile in 1680 : total 
shipment from South America in 1872 of dry and salted hides 3,121,768, the produce 
of vast herds roaming over the pampas, which is estimated at 11 to 16 millions, 
IJides obtained of cattle in a semi-wild state much thicker than from high-bred 
animals. The loss occasioned by branding to prove ownership computed at 
£300,000 yearly. 

The recent practice of pickling on the voyage strongly objected to, yet likely to 
prove its own cure. 

Messrs. Conyers and Pullein have introduced a mode of suspending hides in lime, 
thus unhairing in four days without heat. Neither cool-sweating process used in 
America nor the sulphide of sodium or by charcoal used in Bristol. 

Bristol early adopted the system of rounding. Failure of all patent processes for 
tanning. Kapid processes and new materials generally regarded with distrust, 
twelve months being required to make thick leather both pliable and impermeable. 
A considerable quantity of arn^ leather supplied from this city, for which prize 
medals have been awarded. The British troops are better shod than any other 
soldiers in the world; and Sir Garnet Wolseley says, '^The regiment that can 
march best in an army is the best in that army.” 

Increased working of large tanneries in favourably situated districts, and disap- 
pearance of small country yards. Five, for example, have been closed in Ash- 
burton, Devon. 

Kip tanning , — Imports estimated at 7,000,000. Average amount of plaster adul- 
teration on each kip one and a half pound. 

Principal tanning materials used in Bristol: — Oak-bark, Valonettf Myrobalan, 
Mimosa f Terra Japonica, Divi-Divi, and recently hemlock extract. Valonea 
having doubled itself in value, great need is felt for new materials, of which a few 
have been introduced, but not in commercial quantities. 

Waste products , — Untanned portions of hide sold for sizing paper and manu- 
facture of gelatine. Hair now largely used in manufacture or cheap clothing, 
blankets, and imitation of seal skins, Sjpent tan burnt for its ashes j hme-deposit 
useful as a manure. 

JSjpct of Free Trade . — First American leather sent to England in 1844, ^^ntitv 
1000 sides ; in 1874, 1,169,864 sides, which pay no duty ; while any English 
leather shipped to America must pay an import duty of more than 30 per cent. 

Desirableness of importing live cattle from the River Plate^ which may there be 
bought at £5 per head— thus importing meat, hide, bones, hair, and hoow without 
waste. 

1875. 
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Quantity of leather tanned in Bristol sufficient to provide soles for nine million 
pairs of boots annually. Various articles have been used'^ as substitutes for leather, 
nut very few have stood the test of time. 

Great impwiance of preventing the tannic turning into ghUic acid , — Unfortunately 
the trade generally ai'e ignorant on chemical subjects, and, will receive with much 
pleasure any information on the subject. 


On the Separation of Lead,, Silver, and Mercury, with a proposed process for 
estimation of Lead, By T. Paiklet, FdLS.E, 

These metals form a group generally precipitated together as chlorides, and 
various pix)cesse8, more or less perfect, have oeen devised for their separation. Thus 
the silver chloride may be separated by ammonia, or the lead chloride by boiling 
with much water, or the mercurous chloride by boiling with nitric acid or a^^ua 
regia. This last is tedious and is open to the objection mentioned by Fresenius, 
that mercuric chloride volatilizes with the vapour from boilmg water. 

In the study of the reactions of hypochlorites and while engaged in teaching the 
ordinary course of analysis, the author ascertained that the conversion of mercurous 
chloride into soluble mercuric chloride is instantaneously effected by boiling with 
alkaline hypochlorite, taking care that the solution remains acid throughout. 

The hypochlorite used may be potassium, sodium, or calcium hypochlorite. The 
author finds the most convenient to be a solution prepared by passing chlorine into 
a 10-per-cent, solution of sodium hydrate until the impurities (alumina &c.) con- 
tained in it begin to separate out. On then adding a small proportion of the sodium 
hydrate solution, say about one tenth of the quantity saturated with chlorine, wo 
oDlain a liquid of convenient strength, and which when kept in the dark remains 
almost uncnanged. 

Of course in the absence of acids &c. affecting the solubility of calcium compounds, 
solution of ordinary bleacbing-powder may be used. 

The separation of lead from mercurous salts may be readily performed by a con- 
tinuation of the above process. If any free acid be present, and sodium acetate or 
hydrate and sufficient acetic acid to ensure an excess of the latter throughout the 
process. On boiling with hypochlorite all the lead is precipitated as brown dioxide. 
The dioxide so obtained is pure ; and as no lead remains in solution the author has 
confidence that this may prove an accurate process for the estimation of lead. 


On a new Method of preparing Periodates, with Application as a Test 
for Iodine and Sodium, By T. Fairley, F,R,S.E, 

When wo boil any iodide or iodate with excess of alkaline hydrate and hypo- 
chorite, then, if sodium salts be present, a crystalline precipitate is after some time 
thrown down consisting of sodium periodate. 

Using potassium hydrate and hypochlorite this test may be used to ascertain the 
presence of sodium compounds in any substance added to the boiling liquid. ^ In a 
solution of about 30 cub. centime, in volume less than 0-1 gramme can readily be 
detected ; and with a smaller volume more minute quantities may be detected. 

As a test for iodine it is of course unable to take the place of more delicate well- 
known tests \ but it is useful as affording in any case confirmatory evidence. 


On neur^Sohents for Gold, Silver, Platinum, ^c,, with an Explanation of the 
so^mlled Vatalytie Action of these Metals and their Salts on Hydrogen 
Bionide, By T. Fairley, F,R,S,E, 


On the Use of Potassium Bichromate in Grovers and Bunsen^s Batteries to 
emure constancy. By T. Fairley, FMH.E, 
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On Njtnte of Silver, By J. W. Gatehouse, 


The Relation of the Arrangement of the Adds and Bases in a Mixture of Salts 

to the original maiiner of Comhination. By Dr. J. H. Glidstone, F,BB, 

The question proposed for consideration was : — Suppose two salts (such as chloride 
of sodium and sulphate of magnesium) are mixed in equivalent proportions in a 
certain quantity of water, is the solution identical with a mixture of equivalent 
proportions of sulphate of sodium and chloride of magnesium in the same amount of 
water P The method employed for testing tlie question was to mix such pairs of 
solutions with a certain quantity of an intensely coloured salt, such as ferric sulpho- 
cyanide, ferric meconatc, terbromide of gold, or platino -iodide of potassium, and to 
note the diminution of colour that resulted from the reciprocal decomposition of 
the constituents. Four separate pairs of mixtures were examined, and each pair 
proved identical in its action on the coloured salts. As small differences can be 
easily detected by such a method, the question may bo considered as answered in 
the affirmative. 


Notes on the Action of the Copper-Zinc Couple*, 

By Dr. J. II. Gladstone, F,R.S,, and Alfred Tribe. 

Pure zinc will scarcely decompose a weak solution of sulphuric acid ; but if a 
minute quantity of copper be deposited on 'the same zinc, it will decompose it 
readily. 

Zinc which contains arsenic when ‘‘ coupled ” with copper decomposes pure water 
with the evolution of livdrogen which is free from arsenic^ If, however, arsenious 
acid be added to the solution, arseniuretted hydrogen makes its appearance. The 
presence of this gas when arsenical zinc is dissolved in ^ilphiiric acid is most 
probably due to the solubility of the arsenic in that acid. 


On the Augmentation of the Chemical Activity of Aluminium hy contact with 
a more Negative Metali, By Dr. J. H. Gladstone, F.R.S., and Alfred 
Tribe. 

Aluminium alone decomposes water only at a white heat, but when coupled ” 
with copper or platinum it will decompose water slowly at the ordinary temperature 
and rapialy at 100 ° 0. The aluminium-platinum couple, as might be expected, 
gives a still larger amount of hydrogen in the same time. 


On an Apparatus for estimating Carbon Bisulphide in Coal^as, 
By A. Vernon Harcourt, F.R,S. 


On Berivates of Mercaptan, By L. Jackson and A. Ottenheim. 


On the Oxidation of the Essential Oils, — The Limited Oxidation of Terpenes 
and Cymenet, By Charles T. Kjnozett, F,C,S, ^c. 

This research is a continuation of work the results of which 1 have communicated 
to the Chemical Society (Journ. Ohem. Soc. ser. 2 , vol. xii. p. 511, & vol. xiii. p,210). 

In this Part the limited oxidation (hy air) of terpenes of the general formula 
C^oILg and certain bodies related to terpenes, of the formula Cj^ II 24 , and cymene 
(CioIIu) is dealt with. 

All terpenes represented by the expression OioHjn (so far as I have investigated) 

* Published in exienso in *Phil. Mag.’ October 1875. t Ibid, 

J Vide ‘ Chemical News,’ vol. xxxii. p. 138. 


4 ^ 
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yield by atmospheric oxidation, acetic acid and peroxide of .hydrogen, and probably 
other bodies as yet undetermined. 

Thus He^erxdene (the terpene of oil of orange-neel) yielded an acid solution 
containing in 100 cub. centims. 0T64 gramme peroxide of hydrogen ; and, moreover, 
a copper salt was prepared from antacid (not acetic) exist^ngj in ^lution which 
contained 12*85 per cent, copper. This acid is not precipitated from its combination 
with soda by acetic acid. 1 

Myristicene. — With this terpene three experiments were made. 

o. With ordinary oil of nutmeg. This yielded, when oxidized in the presence 
of water, on acid solution containing in one case 0*098 gramme peroxide of hydrogen 
in 100 cub. centims. 

6. This experiment was made with the terpene isolated from nutmeg:-oil by sodium 
treatment and fractional distillation. It boiled at 104° C., and consisted of teraene 
containing a little cymene. It yielded by oxidation a solution containing 0*0915 
gramme peroxide of hydrogen in 100 cub. centims. 

€, This third trial was made with that fraction of nutmeg-oil, hydrocarbons, 
boiling at 173°-175°, and therefore mainly cymene (as shown by Wright). This 
gave, on oxidation with water, a solution containing 0*0114 gramme H 2 O 2 in 100 
cub. centims. 

Wormwood, — Wright (Joum. Ohem. Soc. vol. xii. p. 817) has shown this oil to 
consist mainly of an oxidized body, 0,^, 11, ^ 0, containing some terpene. 

It yielded peroxide of hydrogen on oxidation, although in small quantity. 

dtronella contains, as Wright has shown, no terpene, but is mainly an oxidized 
body, 0,0 ILs 0. It yielded, as was to be expected, no II^ 0^ on oxidation. 

Yhlang- xhlang, — ^This perfume (see a paper by H. Gil in ‘Y ear-book of Pharmacy,^ 
1874) contains no terpene. It was subjected to atmospheric exposure in sunshine 
as a test, but developed no peroxide of hydrogen, showing it to contain no terpene, 
a result found by other means by H. Gil. 

The oils of caraway, bergamotte, juniper, cubebs, lemon, and chamomile also 
absorb oxygen from air, forming in the presence of water peroxide of hydrogen. 
Their essential terpenes in a pure state have not yet been examined. 

Such bodies of the formula 0^ as I have examined fail to develop 0^ by 
atmospheric oxidation. 

This is true at least of the so-called clove teiyene, isolated by Church from oil of 
cloves (Journ. of Ohem. Soc. ser. 2, vol. xiii. p. 113), and also of patchouli, although 
it is to be remarked that the patchouli I examined was not oxidized by myself j 
and so the experiment requires repetition. 

Cymene from all sources is iaentical, as proved by the researches of Fittica, 
Wright, and Paterno, &c. I have oxidized three samples : — 

а. Cymene from camphor by zinc chloride. Of this 7 cub. centims. absorbed 
62 cub. centims. oxygen in 18 days, and formed peroxide of liydrogen. 

б. Cymene from the dibromide of cajeputol, boiling at 176°-177°, gave by oxida- 
tion with water a solution containing 0 196 gramme 11^ Og in 100 cub. cenlims. 

c. A mixture of (piantities of cymene from various 'sources. This also gave 
affirmative results. iBesides peroxide of hydrogen so obtained by atmospheric 
oxidation of cymene, a toluic acid seems also to be formed. A crystallized acid 
was obtained worn the solution having the ordinary characters of a toluic acid ; 
but there was not sufficient quantity to admit of analysis. 

It is to he remarked that the oxidation in each case was effected by exposing the 
oils with water to sunshine and air, or passing a ciurent of air through the mixture 
at40°O. * 

I have shown, in Parts I. and 11. of this research, that turpentine by oxidation in 
this way gives rise to the formation of camphoric acid ana peroxide of hydrogen 
indirectly — that is, by the decomposition by water of a previously formed peroxide 
of an organic nature. 

Bodies of O^f, composition have not yet been examined. 

These research^ also prove that cymene is the nucleus matter of the terpenes j 
and thus is established another link oetween the terpenes and the benzene series. 

Fittica (Deut. Ohem. Ges* Ber. ’vii. 823) has shown cymene to be normal propyl- 
methyl-benzene in which the methyl and propyl occupy the paraposition. 
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Its atmosplieric oxi^tion may possibly be expressed as follows ; — 

OeH,(CH3)(C3^)+Oe=CeH,(OH3)CO(OH)+OH300(OH)+HA, 

thus obtaining by limited oxidation a toluic and acetic acid and peroxide of 
hydrogen. 

When dilute nitric acid is employed as the oxidant toluic acid is formed ; and in 
the case of stronger oxidants terephthalic acid is produced, the latter being a product 
not formed by atmospheric oxidation. 

The production of peroxide of hydrogen from these bodies may possibly lead to 
a modilication of the views of the constitution of hydrocarbons now entertained. 

On the Treatment of Sewage. By J. C. Melliss. 

Some RemarTcs on Onynoitic Acid. By A. OrPEKHEiM. 

On Noctllucine. By Pr. T. L. Phipson, 

On Aj^paratus and Modes of Rvamination for the Source of Polluted Air. 

By William Thomson, F.C.S. 

This paper has reference principally to the detection and relative determination 
of the amount of hydrochloric and sulphuric acids issuing from chemical or other 
works surrounded by works which are also said to pollute the air, to prove the 
amount of pollution proceeding from any individual works. 

My first experiments were confined to litmus-paper, which I found would not act 
well unless the papers were kept moist. To effect this I took bottles flattened on 
both sides, having a small hole bored in the shoulder ; a piece of blotting-paper was 
fixed on the front of the bottle by elastic bands, and kept quite wet by a piece of 
cotton-wick passing through the small hole in the bottle, which was filled with pure 
water : the litmus-paper was then moistened with water and laid on the wet blotting- 
paper ; it may thus be kept moist for any length of time without washing any of 
the litmus from the paper. If, then, several moist litmus-papers be kept at the 
side of the works, in a direct line with the direction of the smoke, and anotner set of 
papers placed at exactly the opposite side of the works, and both left for a few hours, 
a comparison of the two sets of papers ’mil give a fair idea of the amount of acidity 
emitted by the works by the difference in point of redness of the litmus. 

With the view to determine the actual amount of impurities put into the atmosphere 
by any individual works, I placed carbonic-acid bulbs, connected by means of india- 
rubber tubing with an aspirator, and so airanged them that by means of a pulley they 
could be raised or lowered through a range of about 30 feet on a jointed pole j by this 
means they could be placed as neaidy as possible about the level at which the smoke and 
other vapours passed : but as the wind changed often it was necessaiy for the experi- 
ment that the pole, bulbs, and aspirators should be moved about in accordance with 
the changes in the direction of tne wind ; this was done by having the appliances 
fixed on a vehicle. About 120 gallons of air were passed through 6(X) grains of water 
alone and also made slightly alkaline with pure caustic soda, the apparatus bebg kept 
always in the direct line of the smoke from the works ; and 120 gallons of air were 
passed through other bulbs, the apparatus always being kept to exactly the oppo- 
site side from that to which the smoke was blown. Thus I was enabled to get the 
relative amount of impurities in the atmosphere immediately before and immediately 
after it passed the works ; and ^ it took about twelve hours to pass this quantity 
of air through each apparatus, it no doubt gave a fair estimate of the amount of 
impurities emitted by the works. 

It is also advisable to corroborate these results by other means, such as collecting 
rain-water from different directions near the works, at the same time observing the 
direction of the wind during the time the rain is felling &c. 

On a new Gaseous Compound of Fluorine and Phosphorws. 

By Professor T. E. Thobpe, F.C.S. 
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JResearcJfes on the Orystalline Constituents 0 / Aloes’^, 

By 'Willi VM A. Tilbbn, Loyid., F}\C,S, 

Bai’baloin is the name given to the aloin from Barbadoes aloes. It is a yellow, 
soluble, crystalline body, which yields substitution compounds with chlorine, 
bromine, and acetyl. Zanaloin (from Zanzibar aloes) is supposed to be identical 
with Socaloin (from Socotrine aloes), because the two compounds give the same 
^[ualitative reactions : but the latter has not been analyzed. Zanaloin, after drying 
in a vacuum, gives tne same numbers as Bai’baloin, the results of analysis in each 
case agreeing with the formula C,c II, 0^. Zanaloin also yields substitution deriva- 
tives, the two series of isomeric compounds being expressed by the formuhe 


c.Ti^gi.a, 


o,„n„(c,ri,o),o,. 


Zanaloin is distinguishable from Barbaloin by the action of strong nitric acid, 
which gives a crirrison cdoration wdth the latter; whilst with the former very 
slight change is manifest till heat is applied, when a briglit orange-red colour is 
developed. 


Fote on Muntz and JRamspacliers Apparatus for the Estimation of Tannic 
Acid. By John Watts, B.Sc. 

The following arrangement was devised by MM. Muntz and Bamspacher in order 
to ascertain with accuracy the actual kather-prodiiany power of an astringent sub- 
stance, which, according to the experience of the manufacturer, does not appear 
always to coincide with its percentage of tannic acid. 

The apparatus may be bnefly described as a shallow gun-metal drum of about 
200 cubic centime, capacity, permanently closed at one end by an india-rubber 

J ilate, and capable of being closed watertight at the other by a piece of depilated 
iide when clamped upon a stand over which the hide has been previously stretched. 
The drum is perforated at the side with a screw to admit of the introduction of the 
tannin^liquor, and is fitted above with a screw-piston to compress the indiarrubber 
disk. When the piston is lowered the liquor is forced through the hide, while the 
latter retains the whole of the tannic acid. The density of the liquor is taken 
before and after the operation by means of a very fine hydrometer graduated to a 
special scale, when the difference expresses at once the percentage value of the 
liquor operated on. 

The advantages of the arrangement will be obvious to any one who haa experi- 
ence in analyses of this description ; it is sufiicient to say that the analysis is con- 
ducted with ease and rapidity, and that the average variation is about 0*6 per cent. 

In order to compare the results of Ramspacher’s tannometer with Hammer’s 
table of percentages of tannin in solutions 01 different densities, and to compare 
both witn the results of evaporation, a number of experiments were undertaken by 
the author, as shown below. The percentages only indicate the value of the par- 
ticular sample under examination. 



By specific gravity. 

By tannometer. 

By evaporation. 

Cube Gambler . 

41*46 

40 44 

47*43 

Bale Gambier . 

42*44 

39*60 

49*02 

Ciitch 

47*70 

44*00 

62*16 

Valonea 

26*32 

25-?2 

26*30 

Myrobalanes . . . 
Mimosa-bark . . . 

32*30 

30 28 

31*08 

31*44 

30*18 

31*72 

Blue Galls ..... 

co-oo 

69*10 

— 

Green Galls . . . 

68*40 

62*41 

67*90 

Sumach 

17*10 

38*00 

19*65 

Divi-Divi 

34*60 

33*94 

35*20 


* Publislied in extent in the Pharm. J, Trane. (3) vi. 208. 



TRANSACTIONS Ol? THE SECTIONS. 


47 


The numbers in the first column were obtained by takinfj the specific gravity at 
15° before and after removing the tannin, and obtaining the percentage equivalent 
from^ Hammer’s Table. The third column was found by evaporating 25 cubic 
centims. in a platinum dish before and after the removal of the tannin, and drying 
the residue for three or four hours at 100°. 

For further details the reader is referred to a memoir by Miintz and Ramspacher 
in the ^Ann. Ohim. Phys.’ 1875 [5], v. 


GEOLOGY. 

Addresfi hj Thomas Wkight, il/.D., F.Ii^S.E,, F.O.S,, President of the 

Section, 

In taking this Chair today, I desire first to express my deep sense of gratitude to 
the Council of the Bntisli Association for the honour conferred on me, and, secondly, 
to say how much 1 feel tlio responsibility of the position in which I am placed 
when I recollect the long list ot distinguished savims who in former years have 
presided over this Section. The fact tliat Buckland, Conybeare, l)e la Eeche, Forbes, 
Geikie, Hopkins, Jukes, Lyell, Murchison, Phillips, Ramsay, and other men illus- 
trious in the annals of British Geology have tilled this chair, may well make mo 
doubt how far my own feeble powers are equal to an efficient discharge of its duties ; 
however, I shall bring a willing mind and an hondst determination to do my best 
on this occasion. 

We have met again in one of the most interesting centres in England to all 
students of practical geology ; for within a short distance of this spot we can 
examine some of the most instructive sections of Paheozoic and Mesozoic rocks, 
and study a magnificent collection of local fossils obtained from them. So I purpose 
occupying the short space of time allowed for this introductory address in attempt- 
ing to give you a general outline of the geological character oi the country around 
Bristol, with a rhunU of some of its more remarkable Palieontological features, by 
way of inducing you to visit and study the admirable collection of local organic 
remains so well displayed in the Museum of the Bristol Philosophical Institution. 

Geology is the history of the Earth ; for it attempts to construct a table of pheno- 
mena, physical and chemical, oi’ganic and inorganic, which have succeeded each 
other worn the past to the present, and on the teiTestrial surface traces of its origin 
and progress are preserved. 

That phase which we see today is only the most recent of its eventful histoiy, 
and although the last, is not the final one, as the physical forces that are ever in 
action amon^ its difierent parts are slowly and steadily producing new combina- 
tions, which in time will effect mutations in its structure, change its physiogi*aphy, 
and remodel the whole. 

There is probably no other place in England where, within so limited an area, 
typical examples of so many different formations occur as around this city ; for 
mthin a short distance by road or rail we may investigate the Silurian, Devonian, 
Cpboniferous, Triassic, Liassic, Oolitic, and Cretaceous formations, all of which 
will yield many interesting species for the cabinet of the palteontologist, and a 
valuable series of rocks ana minerals for the student of Physical Geology. 

These different fonnations in relation to the entire series of stratified rocks will 
be better understood by a reference to the following Table, in which the periods, 
divisions, fonnations, and typical localities are given : — * 
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Table I— Geological Formations in the Bristol Districts. 


Periods. 


Divisions. 


Formations. 


Typical Localities. 


Post Tertiary . 


Recent . . . . | 
Post Pliocene . 


Tertiary ! 

Cretaceous .... 

Jurassic 

V. 

Liassic 

Triassic 

Permian 


Upper Oolite . . 
Miadle Oolite . 

Lower Oolite^ 

Upper Lias . 
Middle Lias . 

Lower Lias . 
Upper Tiias. 

Upper 

Lower .... 


{ 

I 

{ 


Devonian 


Old Red. ...i 


Alluvium 
Peat ... 
Gravel . 


Greensand 

Coral Rag 

Oxford Clay . . . . 

Oornbrash 

Forest Marble . . 
Bradford Clay . . 
Bath Oolite .... 
Fuller’s Earth . . 
Inferior Oolite . . 

Liassic Sands 

Upper LiasClay. . 
Marlstone 

Clays 

Clays 

Limestones .... 
Avicula cmtorta . 

Keuper 

Dolomitic Conglo- 
merate 


Coal Measures 
Millstone Grit 
Upper Shales 
Cai^oniferoiis 
Limestone 
Lower Shales 
Sandstones . . 


Conglomerates . . 


Bristol, Shirehampton. 
Cheddar, Glastonbury. 
Cheddar railway, Keynsham, 
Saltfoi;d. 

Absent. 

Postlebury. 

Absent. 

Cloford. 

Cloford, Marston Bigot. 
Chickwell, Faulkland. 
Bradford. 

Coombedown Lansdown P. 
North Stoke, Lansdown, Box. 
Diindry, Cotteswold Hills. 
Dundry, Midford, Frocester. 
Dimdry, Midford, Frocester. 
Dundry, Sodbury, Stinch- 
combe. 

Dundiy, Sodbury, Stinch- 
combe. 

Horfield, PeU. 

Keynsham, Saltford. 

Aust, Beechum, Garden Cliff. 
New River, Cotham. 

Bristol, Portishead, Clevedon. 
Absent. 

Mangotsfield, Radstock, &c. 
Brandon Hill, Fish-ponds, iSrc. 
Clifton, Ashton, Fish-ponds. 

Clifton, Mendips, Tortworth. 
Clifton, Clevedon, Tortworth. 
Clifton, Portishead, Men^ps, 
&c. 

Clifton, Portishead, Mendips, 
&c. 


Upper Silurian 
Igneous Bocks. 


{ 


Ludlow 

Wenlock 

Upper Llandovery 
Greenstone .... 
Basalt 


Berkeley, Purton Passage, 
Tortworth, Falfield. 
Tortworth, Damoiy. 

Damory, Cnarfield, Woodford. 
Uphill, Mendips, Weston. 


The localities in this Table may be grouped into six districts 

1. Tortworth district. 4. Bristol district. 

2, Mendip Hills. 5. Dundry district. 

8. Radstock Strict. 6. Bridgewater district. 


1. Tortworth District. 

SHurim , — ^Tortworth has long been classical mund to the geologist, and was 
first bmuffht into notice by Dr. Cooke, formerly (1799-1886) rector of the parish. 
This genUeman made an extensive collection of fossils &om all the rocks m the 
district wHch after his death passed through my hands \ and I can therefore speak 
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to the fact. A description of the Geology of Tort worth was made by Mr. Weaver*, 
and by Buckland and Conybearef. These memoirs were written at a time when 
the ccirrelations of the then so-called Transition rocks were not understood ; there- 
fore they help us little toward a connect understanding of their age and character. 
It was not until Murchison had succeeded in making out the true relation and 
character of the upper fossiliferous beds beneath the Old Red Sandstone, and had 
arranged his groups by their organic remains in consecutive order under the name 
of the Silurian System, that the true age and relation of the Transition strata of 
Tortworth were understood. It then appeared that the Silurian rocks of Tort- 
worth are the southern extension of the same formations which, extending through 
Micklewood Chase and the Vale of Berkeley, appear as a dome of Upper Silurian, 
rising near Tites Point on the left hank of the Severn near Purton Passage. The 
same rocks are found wrapping round the base of May Hill and Huntley Hill in the 
Forest of Dean, in the Valley of Woolhope, Herefordshire, on the western slopes 
of the Malvern Hills, and extending through Eastnor and Ledbury to Wenlock 
Edge, Salop. Whatever, therefore, is true relating to the Palaeontological cha- 
racter of the Upper Silurians in these other localities, is equally correct of the 
same formations that lie in the miniature basin of Tortworth. The Caradoc Sand- 
stonCf or, as it is now called, the Upper Llandovery Sandstone, is the oldest rock at 
Tortworth, and forms the dominant stratum of the district. It covers an extensive 
area ; and some small sections are seen at the south side of Micklewood Chase, and 
on both banks of the Avon near Damory Mill. Ijithologically and palaeontological^ 
it is indistinguishable from hand specimens of the same formation at May Hill. It 
abounds in fossils : Pentamerus^ Strophomenaj Orthisy Atjypa, Spirifera, and Leptcma^ 
with broken Trilobites belonging to the genera Trinueletts, Calymene., lUammj and 
PhacopSy are found, together with the stems of Crinoids and Tentaculites. 

The Wenlock Limestone is exposed at Faltield Mill and Whitfield and other 
places; from its various beds the characteristic Upper Silurian Corals are collected, 
as Favosites^ Syringopora, Ilahjsites, Porites^ CaryophyUia^ and Acervutaria* 
Crinoidal stems are very abundant. Many Brachiopoda (as Lepiama^ Atrypa^ 
Orthis orbicularis) and Gasteropoda (as Fuomphalus discors and Fnomphalusfunatus) 
are collected, with fragments of Calymene Blumenbachii and Phacops caudaius. 
The Ludlow Rock is best exposed at low- water mark on the west bank of the Severn 
at Purton Passage, where it rises in a dome-shaped mass, and dips away beneath 
the beds of Old Red Sandstone of the Devonian series on the opposite shore ; the 
iipper portion of this formation consists of greenish-grey micaceous beds, with 
Lepteena lata^ Orthis unguis^ and Terebratula Wilsoni, which probably represent the 
Aymestry limestone. 

Devonian. — The Old Red Sandstone, in its upper parts, consists of fine-grained 
thin flagstones of a whitish-pey colour ; and Tortworth Court is built of these fine 
building beds. This upper aivision is underlain by coarse quartzose conglomerates, 
and at the base by red sandstone, which rests on the Llandovery strata. The same 
succession of beds is very persistent, with conglomerate in the centre and lower 
third, and sandstone above and at the base. 

Carboniferous. — The Bone-bed at the base of this formation is well developed, 
together with the Lower Limestone Shales. Psammodus linearis^ P, Icernssimusj 
OoproHtes, and Pileopsis angustus, Phil., a shell of the Carboniterous Limestone, az^ 
the leading fossils here. 

Millstone Grit and Coal Measures. — These beds have been fully and accurately 
described in the * Geological Transactions,^ W Weaver, Buckland, and Oonybeare, 
accompanied by many valuable sections, lliey consist of Millstone Grit, Lower 
Coal Measures, Pennant Sandstone, and Upper Coal Measures ; the whole series 
may be studied and examined in this distnct. A section constructed from Tort- 
worth Green to Frampton Cotterell gives the following : — Tortworth Green, Old 
Red ; the Court and Park, Lower Limestone Shales ; Ley HiU and Cromhall, Car- 
boniferous Limestone ; Cromhall Heath, Millstone Grit j Sweethouse, Lower Coal- 
Shales ; Sweethouse to Robin’s-wood House, Pennant, and from Robin’s-wood 
house to Frampton Cotterell, Upper Coal Meaaiires of the Coal-pit Heatii basin. 

* Trans. QeoJ. Soc. voL i. p. 817 (2nd icriei). t -IWd. p. 210. 

1876. 6 
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An able paper on this subject, with Map and Sections, bv my firiend Mr. Etheridge^, 
E.R,S., will be found in the papers of the Cotteswold Club* 

Dohmitic Conglomerate , — Weaver described this fonnation as composed princi- 

a of rounded and anjO^lar fragments of limestone exceeding the size of the 
, with fragments also of quartz and homstone. These are all cemented together 
by a calcareous paste, which is frequently of a marly nature — or of a carbonate of 
lime either of an earthy or compact structure; ” the cement is generally magnesian, 
and in this there are many cavities frequently lined with crystals of calcareous spar 
and quartz, and also with the sulphate of strontian. 

This remarkable formation forms a kind of irregular broken fringe, hanging on 
the hanks of the older rocks, and resting unconformably upon them. We snail 
meet with this conglomerate again in connexion with the beds in the Mendip Hills 
and in the Clifton section. 

New Red Sandstone , — The upper and central members of the New Red Sand- 
stone are found near Tortworth ; they consist chietiy of red clay and marl. 

Avktdarcontorta beds have been found by the Earl of l)ucie in the form of the 
Bone Bed, the series resting on the inclined edges of the Carboniferous Limestone. 

2. Mendip Hills. 

The JMendip Hills proper extend from Bloadon Hill near Hutton on the vreet, to 
Elm and Whatley on the east ; and they strike nearly due west and east, and are 
about 30 miles in length, with an average breadth of o to 6 miles. They constitute 
the southern base of the Bristol Coal-field, or the base of an almost equilateral tri- 
angle, formed by the Paleeozoic rocks, comprising the area from Burton Passage and 
Tortworth to the south slopes of the Mendips ; this includes the outlier Bream 
IJown, which is only a westerly prolongation m the Severn, separated from the 
main range of the Mendips by the alluvial fiat of the estuaiy of the Axe, 

The Lithology of the Mendips consists of Old Red Sandstone, Carboniferous 
Limestone, and Trias, the latter represented chiefly by the Uolomitic Conglomerate, 
which lies unconformably on the Old Red and Carboniferous, flanking nearly the 
entire range of hills, and in places capping their summits. 

Numerous islands of Carboniferous Limestone surrounded by Triassic rocks occur 
east of Wells and south of Croscombe, also encircled by fringes of Bolomitic Con- 
glomerate. of which Church Hill, Worminster, and Ilnowl-foot Hill are examples; 
these outliers testify to the southern extension of the Carboniferous Limestone 
beneath the New Red Sandstone and Lias south of the Mendips, and lend us aid 
in determining the probable position of deep-seated Coal Measures similar to those 
at Vobster, Colford, Edford, Holcombe, &c., north of the Mendip range. 

The lower flanks of the northern portion of the range are covered by the New Red 
Sandstone, that of the south being a mere strip traversed by the WeUs-and- 
Axbridge Railway, the peat plains and bogs of Sedgmoor covering them up to a 
certain level to the east of the meridian of Glastonbury. The Lias occupies an 
extensive plain, masking likewise the older rocks beneath. 

Old Em Sandstone forms the oldest stratified rock, and is, strictly speaking, 
the axis of the Meudip Hills. It is exposed in four well-marked areas along tlie 
highest ridge: — (1) Blackdown ; (2) North Hill and Pen Hill; Beacon Hill ; 
and (4) Downhead Common, which is the largest exposed tract. The interveoiing 
areas are occupied by a mantle of Carbomferous Limestone, which arehes over and 
covers the underlying Old Red, denudation having yet spoiled the limestone. 

The Old Bed is exposed along two anticlinal axes, these being, indeed, the chief 
cause of its exposure; the axes being post-Carboniferous and pre-Triassic, are not 
traceable beneath or where the patches of Dolomitic Conglomerate and cherty 
lias cover up the Old Red Sandstone and Carboniferous Limestone, as at Harptree 
Hill, Rowham, Shipham, &c. 

The most northerly anticlinal brings up the fine range of Blackdown, on the north, 
south, and east of which occur the Lower Limestone Shales resting on Old Red. 

The northern dip of the anticlin^ is higher than the southern, being in places 
as high as 54^^ in trio north, whilst in the south it does not exceed 20°. This anti^ 
* Proceedings of the Cotteswold Naturalists* Field Club, p. 28 (1865). 
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clinfd is traceable from near the exposure of tbe igneous rock at Unbill, along 
Bleadon Hill, tbence under the New Red Sandstone to Padingham, and Dolomitic 
Conglomerate and Calamine beds of Shipham, through the Old Red Sandstone of 
Blackdown, and on through the Carboniterous Limestone of Lamb>bottom, Avhere 
it is lost under the cherty Rhtetic beds of Harptree Hill. From Little Elm on the 
extreme east to Mashury Castle neply due west of the range, the Old Red is again 
exposed for three miles, which is likewise due to the anticlinal axis. 

AtMasbunr Castle we lose trace of this S.E. anticlinal, and a second and parallel 
one to that oi Blackdown occurs, ranging from the Old Red of North Hill through 
the Carboniferous Limestone of Stoke Warren, and last under the dolomitic conglo- 
merate of North Praycott. This may join the great anticlinal near Egar Hill. We 
thus see that the strike of the Mendipswas induced by a force which has brought out 
its oldest rock to the surface, and thereby produced the present physiography of the 
bold range of bills we are now considering. 

Carhonifet'om Limestone surrounds the exposed and concealed nucleus of Old Red, 
and is conformable therewith both in dip and strike. The Carboniferous Limestone 
has grand development in the Mendips, and constitutes the great mass of the chain, 
having a continuous spread of five miles between Westbiiry Beacon and Abley, also 
between Croscomhe and Emberrow. The Lower Limestone shales are nowhere 
more finely exposed than around and resting on the upper members of the Old Red 
Sandstone, and are highly fossiliferous throughout, tne beds being crowded with 
Strophomena^ ChoneteSy SpiriftTay Polyzoa, the ossiciila of Orinoids, and many Tri- 
lobites, presenting astrom'* contrast to the ban en beds of the Old Red on w'hich they 
conformably rest. The &ales are well developed around Blackdown, especially to 
the east of Charterhouse, at Rowbarrow and Priddy, west of North Hill, and Nine 
BaiTOWs ] and east of Egar Hill they attain a thickness of 500 feet, and are extremely 
rich in organic remains. They present an extended outcrop from Mashury to Stoke 
Lane, and Leigh upon Mendip, and in the Downhead beds near Ashnm Woods. 
The local development of these argillaceous beds of tho lowest division of the Car- 
boniferous Limestone first gave origin to the name Lower Limestone Shales. They 
are almost special to the west of England, and are exposed on both flanks of the 
Mendip range. On them rest the thick-bedded strata of the Carboniferous Lime- 
stone, which is everywhere traceable for thirty miles from Oldford, the gorge of the 
Vallis to Elm on the east, to the distant headland of Bleadon in the west, and 
everywhere abounding more or less with organisms which form the loading fossils 
in its beds. 

Coal Measures . — On the northern flank of the Mendips, between Binegar and 
Wells, and resting on the Millstone Grit, highly faulted and contorted, are the well- 
known Coals of Vobster, Holcombe, Pitcot, &c., that portion on the west at Stratton 
on the Fosse, Downside, <fec. being covered by Dolomitic Conglomerate, the eastern 
side at Newbury and Vobster being overlain by the same rock and the Inferior 
Oolite. There is no reason why we should not conclude that the Coals of the 
northern side once extended across the Mendips and now lie deeply buried along the 
south parts of the range. At Ebber rocks, west of Wells, we have evidence of the 
Millstone Grit resting on the Carboniferous Limestone ; and the elevation of the 
Mendips being post-Carhoniferous, lends an additional reason for the occurrence of 
the Coals of the northern area to the south of the Mendips, and beneath the Lias 
and Peat plain of Glastonbury, Castle Carey, the Pennards, and the Poldon Hills. 
No Coal area in the United Kingdom is so disturbed and folded both along its strike 
and on the dip of tho Coals as those of North Mendips ; and like the Coals of the 

Mons Coal-field ” in Belgium, which exists under similar conditions, the seams are 
vertical and thrown over, so that the same seams are passed through by shafts two or 
three times. The V obster and Holcombe Coal-seams are th e same as those at Ashton 
and Ki^swood near Bristol, Twerton near Bath, and probably the same as those at 
Yate. They underlie the whole area between the Mendips and Bristol, and (^proba- 
bly the same that occur at Kingswood and underlie the Pennant at Coal-pit Heath, 

Jhe Trias , — ^Two divisions oi this group are greatly developed around and upon 
the Mwdips, especiaUy the inferior or Dolomitic Conglomerate, a peculiar and local 
condition of the base of the Keuper Sandstone of the Bristol and South Walee 
Coal-fields, chiefly that portion of the latter which 0Ktends from Cardiff to Bridg- 
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end. The entire range of the Mendijpe ia surrounded by Dolomitic Conglomerate ; 
and ten or twelve patches still remain as unconformable undenuded masses of that 
formation resting upon the older rocks forming the massive range of the Mendips. 
This remarkable deposit completely covered the range when at a lower levels its 
partial removal being conclusively shown by the remnants that still cling to the 
8t^ face of the northern and southern flanKS of the Mendips. 

This Conglomerate is composed entirely of greater or lesser fragments of the older 
rocks composing the hills, and is the result of the denuding action of the sea that 
deposited &e Keuper Beds. This marine denudation took place when the entire 
area occupied by the Mendips and Coal-basin underwent depression, the Dolomitic 
Conglomerate and sandstones accumulating pro raid with the depression and con- 
sequent destruction of the rocks offered for resistance. This conglomerate, the oiwr- 
Ikr' of the coal-miners of the Bristol basin, although visible only upon the Palaeozoic 
rocks surrounding the coal-bearing area, is nevertheless entirely spread over them, 
and beneath the New Red Sandstones that occupy neai'ly the entii*e area from Tort- 
worth to the southern flanks of the Mendips, its presence being marked by the'marls 
and sandstones of the Keuper, the Lias limestones, and in other places the Oolitic 
rocks that lie within the Coal-basin, especially along its south-east border from Bath 
to Wells. We have no physical evidence more convincing of denudation, elevation, 
and depression over large areas of the earth’s surface than what we can witness so 
easily and study so advantageously in the Mendip Hills ; for this conglomerate 
rock here defines the limits between Mesozoic and Palaeozoic times : the highly 
inclined Old Red Sandstone forms the nucleus of the chain, the Carboniferous rocks 
resting upon it ; and the Coal Measures in conformable succession to the latter were 
all indurated, metamorphosed, elevated, and thrown into folds long piior to the time 
when, under slow depression, destruction, and denudation, the Dolomitic Conglo- 
merate was laid down by the Triassic Sea — the resultant of 'wave forces along 
a coast-line which was then the Mendip range, its shingle and boulders being slowly 
cemented by a magnesio-calcareous paste derived from the wasting beds of the 
great limestone series. For further details regarding the natural historj’^ of the Dolo- 
mitic Conglomerate I must refer to a valuable memoir on this formation by Mr. 
Etheri(|ge, r.R.S.^ 

The ShcBtic. — Singular beds of cherty and sandy deposits of Rhsetic age occur in 
several parts of the Mendips, in places brecciated, or as a conglomerate, and resting 
either upon the Dolomitic Conglomerate or Carboniferous Limestone. 

The fossils are either cherty, or they have been removed, and their moulds are 
formed of chert, or cavities are left where oiganisms existed. 

These beds are exposed at East Harptree, Egar Hill, Ashwick, and Shepton- 
Mallet. In the Vallis they repose immediately on the upturned edges of the Car- 
boniferous Limestone, and even fill in the numei*ou8 veins, pockets, and faults in that 
formation with fossil species common to the beds. 

Nowhere can the geologist read more cleaidy the physical histoiy of the groups of 
associated rocks composing the structure of the Eastern Mendips than at Wells, 
the Vallis, Watley, Elm, Nunny, and Holwell, where Old Red Sandstone, Car- 
boniferous Limestone, Coal Measures, Dolomitic Conglomerate, Rheetic Beds, Lias, 
and Oolites are all exposed in natural sequence to each other. There can be 
no doubt that the Rhsetic Sea surrounded and covered the Mendips j for its remains 
are found reposing on the Old Red Sandstone, Carboniferous Limestone, Coal Mea- 
sures, and Dolomitic Conglomerate, and pass upwards into the Lias beds. 

The X«w.— Fragmentary portions of this formation axe found resting upon the 
summits of the Mendips, covering respectively Old Red Sandstone, Carboniferous 
Limestone, Dolomitic Conglomerate, and Rhbtic beds, and in the Holcombe and 
Barrington districts resting upon the Coal Measures, proving the foimer exten- 
sion of the Liassic Sea over the Mendips ; for upon some of their highest points, as 
near as Castle Comfort^ the cherty beds, with their characteristic fossils, are found ; 
also at Chewton Mendip, Emberrow, and Ashwick, &c . ) and on the south side of 
the hills it is found at a considerable heigh^ as at Downside, Chilcott, and West 
Herrington. During the Lias age the Mendips must either have been an archipe- 
lago, or they were totally submerged beneath the sea which deposited the Liassic 
* Quart, Joum. Qeol. Soo, vol. mi. p. 174 (1870). 
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plain to the north and south. The re-elevation of the Mendip range has occasioned the 
removal by aqueous denudation of most of the Lias beds deposited on their summit, 
whilst along the southern flanks of the hills, and in the valley, a considerable thick- 
ness of this formation still remains in sUu. 

Igneous Mocks, — Mr. Charles Moore* has shown that there is an exposure of 
basaltic rock (dioritic) along the anticlinal of the Mendips, a little west of Down- 
head, extending visibly nearly as far as Beacon Hill, between two and three miles in 
length and a quarter of a mile in width. 

This igneous mass appears in the form of a dyke, and is coincident with the anti- 
clinal line along the axis of the Mendips, which is here traceable for seven miles, 
md is again continued from near Harptree to Shipham. 

There is likewise at the south end of Uphill cutting (Bristol and Exeter Bail way), 
it the western extremity of Bleadon Hul, an extensive patch of igneous rock, ois- 
5oyered when that line was made, and described by Mr. W. Zanders, F.R.S. ; 
this exposure was also in the line of the anticlinal, and ended in the fault which 
there crosses the line. This rock, according to Mr. Butley’s analysis, is a Pitchstone 
PorohyiT, whilst Mr. David Forbes considers it a Dolerite. 

Whether this dyke was really eruptive or overflowed the Old Red Sandstone is 
dill a question to be solved ; and whether it is coextensive with the range is un- 
cnown ; but its age must be subsequent to the Coal Measures — the whole of the 
Palaeozoic rocks being distiu'bed alike, and lying at one general angle of inclination, 
he overlying secondaiy strata not being influenced or at all aflected by these 
Palaeozoic changes. Tne Old Devonian rocks in contact with the dyke are not 
dtered or metamorphosed, thus establishing the facts of age and condition. 

8. The Badstock District. 

Among the many interesting features of the neighbourhood in which we are 
assembled is the Bristol Coal-field, which still offers an inexhaustible subject for 
cientific inquiry — extending from Cromhall in the north to Frome in the south, 
ind from Bath in the east to Nailsea in the west, comprising an area of 238 square 
ailes. 

From a very early date it attracted the attention of geologists, and was long ago 
he subject of a paper by Mr. Strachey, which was published by one of the local 
ocieties. Dr. Bucklandf contributed an able memoir on this Coal-field, in which a 
p:eat quantity of important information was placed on record, which has been of the 
greatest possible use down to the present time. 

Subsequently this area has formed the subject of able papers contributed to the 
•^orth-of-England and South- Wales Institutes of Engineers, by Mr. J. 0. Greenwell, 
^.G.S., and Mr. Handel Cossham, F.G.S., and to other scientific societies by Mr. 
iobert Etheridge, F.R.S., and Mr. Ohailes Moore, F.G.S. 

During the past twelve years Mr. J. M^Murtrie, F.G.S., of Badstock, has been con- 
inuously engaged in working out the physical geology of the district, and has con- 
ributed a series of memoirs on the Bristol Coal-field to the Bath and Somerset- 
hire Societies, which have thrown a new and important light on those marvellous 
listurbances which have distorted the strata. 

That part of the Report of the Royal Coal Commission bearing upon the Bristol 
^oal-field and prepared by Professor Prestwich, and papers by Mr. Horace Wood- 
ward and Mr. John Anstey, have summarized our previous knowledge, and added 
ecent facts thereto ; but with all that has been done much remains to be investi- 
gated before a full bistory of the Bristol Coal-field can be written. ^ 

Although more or less connected throughout, the Coal-fields adjoining Bristol con- 
ist of three wejl-defined areas, called the Gloucestershire, Baastock, and Nailsea 
basins, each of which has its own distinctive features. The Gloucestershire is 
epoiated from the Badstock basin by the great Kingswood anticlinal, which inter- 
ects in a ridge-like form the entire Coal-field from east to west ; and the Nailsea 
\Bsm has been almost, if not entirely, cut oflT from the principal coal district by the 
levated limestones of Broadfield Down. Of these three areas Badstock basin is the 

* Quart. Joum. Geol. Soc. yol. xxiii. p. 452 (18C7). 
t Trans. 0eoL Soc. 2nd scries, vol. i. 
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most extensive, both geographical^ and sectionally, a great portion of its thickness 
being yet entirely undeveloj^d. One of the features which will he remarked by 
visitors coming from other parts of England is the number and character of the 
Secondary formations by which the Radstock basin is overlain. Here and there, it 
is true, Mesozoic rocks have been denuded ; hut by far the greater portion of the 
Coal-field is hidden beneath a covering of New Red Sandstone, Lias, and Inferior 
Oolite, and many of the shafts have had to pass through all these formations before 
the coal-seams were reached. 

A very slight change in the geological circumstances of the past would have left - 
us in entire ignorance of the existence of a Coal-field so far south as Bristol ; and this 
reflection induces the hope that in other parts of our country (at present believed to 
be without coal, or, if present, to lie at such a depth from ine surface that it cannot 
he worked) it may yet be discovered at a moderate depth. 

Another feature of the Radstock Coal Measuises is their great thickness, which 
Mr.^ M‘Murtrie estimates at 8000 feet. From this we may infer that, however 
limited the area in Somersetshire of which we have at present positive knowledge, 
we are very far indeed from the edge of that infinitely more extensive area which 
the Coal Measures of the south of England onginalJy occupied, and within which 
outlying basins may still be found. 

It is abundantly evident that the Bristol Coal-field was originally connected with 
that of the Forest of Dean and South Wales, with which it has many characters in 
common, although it dilfei'S in other respects. 

In all WG find the same arrangement of bho difieront strata, namely: — 1st, an upper 
division of productive Coal Measures ; 2nd, a central mass of Pennant Sandstone j 
and, 8rd, beneath, a lower division of productive Coal Measures resting upon, 4th, the 
Millstone Grit. Hitherto it has been found impossible to correlate the seams of 
coal ‘ but they present many points of general coiTespondence in the districts referred 
to j and the information obtoined leads to the conclusion that their greatest sectional 
development occurs between Radstock and Bristol, according to the following esti- 
mate of the thickness of the strata, number of seams, and thickness of coal-seams 


Table H. — Strata and Coal-Seams. 


Division of Strata, 

Sectional 

thickness. 

Niimher 

of 

Coal-seams. 

Thickness : 
of 

Coal-seams. 


Upper Coal Measures, . , , 

2000 

1 

10 

feet. 

26 


Pennant Sandstone 

2750 ! 

4 

5 

MM 

Lower Coal Measures . . 

2800 

20 

66 

■1 


8160 

46 

07 

1 20 


This great sectional thickness is attended, however, with serious disadvantages ; 
mr Mthough, according to the Report of the Royal Coal Commission, the Bristol 
Ooal-field was estimated to contain 6104 millions of tons of coal, a large portion of 
it hes at an unworkable depth. Another physical feature of the district is *the 
thinness of many of the seams from which coal is at present obtained. 

In many of tbo collienos seams of from 10 to 12 inches in thickness are exten- 
sively worked, thus setting a good example of economy of one of our most precious 
natural productions to other parts of England, where veins of similar thickness m 
left behmd as worthless. 

Another feature of the Radstock Coal-basin is the extreme richness of its beds in 
the fossil flora of the Coal Measures. The Pennant Sandstone and Lower Measures 
yield few plants | hut the Upper divisions contain much finer specimens t ba u I have 
^n elsewhere ; and the rossil flora of Radstock preserved in Mr. M^Mnrtrie’s 
Museum is alone worth a journey to stu^ and admire. The fossil ferns are in 
great variety and beautifully preserved. Ine Lejgidodendraf and other 
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aci’OMticms stems tell of the arborescent ferns that floated their plume-liko foliage 
on the islands of the Carboniferous period, and the industry and genius of the man 
who has collected and preserved them for our instruction and delight. The animal 
remains are here very scarce ; two or three species of the genus LimuluSf and one or 
two AnthracosuBj are all that have been found : and I have the satisfaction of adding 
that I am authorized to say that by previous arrangement Mr. M^Murtrie will bo 
happy to show hw Museum to any Members of the Association to whom the same 
mignt be interesting. As there will be, I understand, memoirs on the Radstock 
Coalfield, I must refer to these papers for further details on this interesting district. 

4. The Bristol District. 

In a radius of eight miles from the Guildhall we find exposures more or less com- 
plete of the following Palseozoic and Mesozoic formations : — 1 . The Old Med Sand- 
atom j 2. The Carhomferom Limestone ; 3. Millstone Grit ; 4. Coal Measures ; 6. Dolo- 
mitic Conglomerate and New Med Sandstone ; 6. Mhcetic ; 7, Lias^ Lower, Middle^ 
Upper j 8, Upper Lias Sands ; 9. Inferior Oolite ; 10. Fuller's Earth ; 1 1. Great 
Odite j 12. Alluvium, with igneous rocks of Palmozoic age. Several of these for- 
mations I have already noticed in speaking of the Mendip Hills ; therefore I shall 
now only add such special remarks as are required to complete their sketch in the 
Bristol district. 

The Old Med Sandstone forms, aa we have seen, the axis of the Mendip Hills, and 
here occurs as a massive rock in difierent regions of the Bristol Coal-field, forming 
ranges of hills that have been sculptured by denudation out of its anticlinal folds. 
The beds in general are very unfossiliferous. 

In the neighborhood of Portishead, however, the remains of some large fishes 
have been found in a hard conglomerate, belonging to the genus lloloptychius — 
reminding us of the fishes of the Old Rea Sandstone of Scotland, which were all 
encased in a bony armour, and possessed some of the most remarkable forms of the 
ichthyic type. Pterichthysox lloloptychius or wrinkle-scaled fish, Cepha- 

laapis or buckler-shielded fish ai‘e all forms of the Old Red, and the earliest repre- 
sentatives of the class Pisces in the Palssozoic rocks. 

The Carboniferous Limestone is a great marine formation, and is formed of the 
sediments of an extensive and wide-spreading sea; the beautiful scenery so charac- 
teristic of the Avon, Severn, and Wye is in a great measure due to the development 
of this rock in these regions. One of the grandest sections of all the beds of the Car- 
boniferous Limestone is that exposed in the gorge of the Avon near Clifton, where it 
is seen resting on the Old Red Sandstone, and overlam by the Millstone Grit. 

The varions conditions of the old sea-bottom in which this mass of calcareous 
rock was formed may here be studied with ease. The entire thickness of the strata 
exposed is upwards of 4000 feet ; of this the Old Red Devonian is 708 feet, the Car- 
boniferous Limestone 2338, and the Millstone Grit 9o0 feet. This magnificent section 
has repeatedly been the subject of memoirs by Buckland* * * § , Conybearet, Bright J, and 
William8§, who have given ample details of all its difierent beds. 

The Lower Limestone Shales, 500 feet in thickness, are vt^ry fossiliferoiis ; they 
consist of alternations of shales and limestone, with a bone-bed near their base ; in 
some places beds several feet thick are formed of the ossicula of Crinoids. In the main 
Limestone series you have a succession of Brachiopoda ; Spirifera, Producta, and 
Orihia follow each other. Of Lamellibranchs we find Avicidopeeten, Cardiomorpha, 
&c., with Gasteropoda, as Euomphalus and Belleroph(yn, and Cephalopoda, as Qceaiaiites, 
Orihoc&ras, Aotinoc&ras, &c. To these may be added the teeth and defensive spines 
of lo^e shark-like and other fishes, as Cladodm, Psammodus, Orodua, Hotoptychius, 
&c. Some of the coral strata in the upper part of the series are very interesting, and 
extremely rich in very beautiful specimens or Actinozoa, belonging to the reef-building 
groups of the ancient sea, as Michelinia, Amplexua, lAthodrotion, Syringopora, Lena- 
ddleia &c., reminding us of the structure of coral reefs in our present seas. Asso- 

* “On the South-Eastern Coal District of England,” Geol. Trans. 2nd series, rol. L 

t Geol. Trans. Ist series, toI. iv. 

J “ On the Limestone Beds of the River Avon,” Geol. Trans. 1st series, vol. v. 

§ ‘ Memoirs of the ^ol. ISbirey,* jSir H. De la Beche’s Essay, vol. i. p. 113. 
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dated with the coral masses are other organisms which lived on the reefs or in 
shallow lagoons. The coral beds are covered by strata formed of Oolitic limestone 
and other detrital materials derived from the debris of wasted reefs, and formed 
alon^ the shores of the ancient coral strand ; sections of these oolitic beds prepared 
as slides for the microscope disclose the fact that the nucleus of the oolitic granules 
is often the shells of Foraminifera. 

MiUstone Grit is well seen at Brandon Hill; it rests upon the Limestone, and 
attains a thickness of 1000 feet. On this repose the Coal Measures of the Bristol 
Coal-field, which I have already described in connexion with the Mendip and Rad- 
stock districts. 

Dolomitic Conglomerate. — The Paleeozoic rocks of the Bristol Coal-field are here 
and there covered over by patches of Dolomitic Conglomerate lying unconformably 
on their upturned edges, at heights varying from 20 to 300 feet above the Avon. 
This remarkable formation is very well seen in the new road leading fi'om the Hot- 
wells to Clifton and Durdham Down. It has been long well known to geologists, 
and was in former days described by Bright, Cilby, Buckland, and others. 

Mheetic. — Between the uppermost beds of the grey marls of the Keuper and the 
lowest beds of tlie Lias there lies a remarkable assemblage of strata, which I for- 
merly described * as the ^^AvicuIa-co7itortaheA8,^’ from that shell forming the leading 
fossil therein. The name Rhmtic has since been given to the series, from a supposi- 
tion that the beds are identical with some that occur in the Khmlian Alps, which is, 
however, more than doubtful. Typical sections of the Avicula-^ontorta series are ex- 
posed at Garden Cliff, Aust Cliff, I’enarth, and Watchet on the Severn, and at Wes- 
ton, Keynsham, Willsbridge, and Saltford near Bath, and Puriton, Uphill, and Wells 
in Somersetshire, as well as at many other localities. Two of the most classical of 
the series are Garden Clift* and Aust Cliff*; the latter has been long known to conti- 
nental geologists as the Bristol Bone-bed. In the upper part of the section are dark 
grey shales, intersected by bands of limestone ; Avicula contorta, Cai'dium Bhaticumf 
Pecten Valonienm^ AximiSj &c. are found in these. The Bone-bed consists of a 
hard dark grey siliceous grit full of the bones, spines, scales, and teeth of fishes 
belonging to tne genera Bemacanthm., Acrodm^ Sargodon^ HgboduSf CeratoduSy &c. 
Beneath this thin Bone-bed with its ichthyic debris is a bed of shale which rests upon 
the grey marls of the Keuper. A similar succession of strata is repeated in most of 
the other typical sections. I have named especially those at Garden Olifti Penarth, 
Uphill, and Watchet. 

Aust has been long famous for its Cera^odMS-teeth, and is, I believe, the only 
locality where they are collected. You will find a fine series of them in the Bristol 
Museum. This wonderful collection is quite unique and will well repay an atten- 
tive examination. 

The only living representative of the genus Ceratodus now lives in the rivers in 
Queensland ; and a fine specimen was lately purchased for and presented to the 
Museum by W. W. Stoddart, Esq., F.G.S., for the purpose of showing the com- 
parative size of the recent and fossil teeth. 

6. Dunduy Distbict. 

The Oolitic Formations. — The Oolitic formations will long remain classical ground 
of English geologists, as it was whilst studying these rocks in Wilts and Somerset 
that Dr. William Sniith first acquired that knowledge which enabled him to ^Gden- 
tity strata by organic remains,’’ and establish a true natural system of stratigraphical 
geology. 

The Oolitic period admits of a subdivision into three groups— the Lower, Middle, 
and Upper ; each woup is based on a great argillaceous formation, on which rest 
minor Feds of sands and cream-coloured Oolitic and Pisolitic limestones. The 
Argillaceous formations form broad valleys, ^tending diagonally across England in 
a direction north-east by south-west. The limestones constitute low ranges of hills, 
with escarpments facing the south-west and overlooking the valleys. The Lower 
Oolites rest on the Lias, the Middle Oolites on the Oxford Olay, and the Portland 
and Upper Oolites on the Kimmeridge Clays. 

♦ Quart. Joum. GeoL Soc. voL xrl p. 374. 
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The Liai Formation is well developed around Bristol ; and many interesting and 
instructive sections of the Lower beds may be studied at Horfield, Keynsham, Salt- 
ford; and Weston, whilst the Middle and Upper divisions are exposed in other 
localities. It has been often repeated of late years that the geological record is 
imperfect, and that many of the leaves, and even whole chapters of the Rock-book 
on which the hieroglyphics of its history were written, are wanting j yet Time 
which antiquates antiquities, and hath an art to make dust of all things, hath yet 
spared these minor monuments for it is certainly true that the Jurassic formations 
contain a marvellously complete record of the succession of life in time during their 
deposition from the dawn oi the Lias until the close of the Ooral Sea, amid whose 
islands fossil CycadecB luxuriantly flourished) and whose remains are buried in their 
native Dirt-beds in the Portland Oolites. 

I have shown elsewhere that the three divisions of the Great Lias formations 
admit of several subdivisions or zones of life, each characterized by a group of species 
which individualize it. A careful examination of these subdivisions has further 
proved that there is no confusion in the rocks when carefully examined — that Nature 
18 always true to herself, although all geologists are not true to Nature. The 
fossils of the Lower Lias are quite distinct from those of the Middle Lias, and 
both specifically different from those of the Upper. 

The Ammonites are important leading Liassic shells, that appear to have had a 
limited life in time, but a wide extension in space ; and thev liave greatly aided us 
in determining periods and making out the history of the Liassic Sea. The great 
Sauropterygia, represented by the Fksiosaums, and the Ichthyopterygia by 
the Ichthyosaurus, are remarkable forms of Reptilia adapted to the waters of that 
epoch, whilst the Dings auria, represented by Scelidnsaurns, the Pteiiosauria 
by the Pterodactylus, lived in this area during the Lias age : magnificent spe- 
cimens of these different forms of reptile life adorn the walls of the Bristol 
Museum. 

The Jurassic Age, — Dundry Hill, 700 feet in altitude, is the most westerly out- 
lier of the Oolitic range, from which it is nine miles distant. It is a locality of great 
interest to the local naturalist, as it affords capital lessons of stratigraphical geo- 
logy, admirable examples of surface-rock sculpture by denudation, and a command- 
ing point of view for surveying the same, ana showing the grand panorama in the 
midst of which it stands. The greater portion of the Hill is composed of Lower 
Tiias strata, which are well exposed at Bedminster Down, Whitchurch, Keynsham, 
Queen Charlton, Norton, Malreward, Winford, and Barrow. The beds consist of 
alternations of limestones and shales, having a total thickness of 560 feet. The 
[Middle Lias and Marlstone are feebly developed, and the Upper Lias repre- 
sented by some thin clays, with dwarfed specimens of Ammonites hifrons and A, 
commtmts ; and the Upper Lias Sands, from 1 to 2 feet thick, are not fossiliferous. 
On these rest beds of Inferior Oolite rock which have long yielded a very fine series 
of organic remains, some of the best of which are now preserved in the Museum 
collection. The Inferior Oolite of the south of England admits of a subdivision into 
three zones of life : the Lower, resting upon the Lias Sands, has the Ammonites Mur- 
chisonce as its leading fossil ; the MidAh contains a large assemblage of Mollusca, 
and especially of Ammmites, among which Ammonites Humphriesianus, Sowerhyi, 
concams, and Blagdeni are conspicuously characteristic ; the Upper contains Am- 
monites Parhinsoni^ Martinsii, and suhradiatus, with many Echinoderms and a large 
series of reef-building corals. These three subdiv isions are rarely all developed m 
the same section j but the order of their sequence in nature is as stated in Dundry. 
The lower beds are feebly represented j and there is an immense development of the 
middle and upper divisions. 

In the iron snot shelly beds there is a fine assemblage of Lamellibranchs ; and the 
stratum whidh covers tnen is very rich in Ammonites, many with their shells pre- 
served, and having their oral lobes and other appendages in situ. 

These are succeeded by other conchiferous strata ; and the whole is covered by 
Ragstone and Building-stone, forming the upper zone, with Ammonites Parhms^, 
Ecninidee, and Corals. The stratigraphical, lithological, and palaeontological 
conditions seen in the Oolitic capping oi Dundry Hill are repeated in other locali- 
ties in Gloucestershire, Somersetshire, and Dorsetshire : and a full development of 
1875. 0 
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all the zones in actual superposition may be examined in certain sections in the 
Ootteswold Hills, as at Leckhampton and Cleeve. 

The Fuller’s Earth must be studied at North Stoke andLausdown, and the Great 
Oolite at Ooombedown, Lansdown, and other localities around Bath; the typical 
Bradford clay, with Apiocrinital heads and stems and beautiful Brachiopoda, near 
Bradford ; the Forest Marble and Oornbrash at Faulkland, Ohickwell, Marston 
Baffot, and Oloford. The Middle Jmassic rocks are admirably exposed near Caine, 
and the Upper Jurassic near Swindon, Wilts. 

The great importance of the Bristol district os a source of mineral wealth, added to 
the complicated structure of this region, led my old friend Mr. W illiam Sanders, F.K.S., 
to construct an elaborate geological map of the Gloucestershire and Somersetshire 
Coal-fields and adjacent country, on the scale of four inches to a mile. The topo- 
graphical portion of this undertaking was reduced to one scale from the Tithe-Oom- 
missionMaps ; and Mr. Sanders traced out all the geological boundary lines in the field, 
and laid them down in MS. copies of the Tithe Maps, making copious notes of the 
strata as he proceeded with his work. The whole was finally reduced to one scale 
foiu* times the size of the Ordnance-Survey Maps, and reproduced with the most 
scrupulous care by Mr. Stratton, who for many years assisted Mr. Sanders with the 
wort which he had made the chief object and occupation of his later years ; and it is 
but simple justice to say that, single-handed, no such exact map for any one area 
was ever before constructed, either as regards scale or details. This undertaking 
occupied its author 15 years, fills 19 separate folio maps, and is a most valuable 
acquisition to the estate-agent, mineral engineer, and practical geologist. Its real 
merits can only be fully appreciated by those who understand how much patient 
labour, long-sustained energy, and high mental qualities were required to complete 
so extended a survey over such a complicated piece of country, in doing this, how- 
ever, Mr. Sanders has made his scientific reputation, enriched his native city, and 
achieved a success which falls to the lot of lew men. Having considered the stra- 
tigraphical relation of the rocks in the Bristol district, I desire now to say a few words 
on a branch of the subject which falls more immediately within the range of my 
own special studies, I mean the organic remains 'found imbedded in these strata. 
The science of Palaeontology forms an immense field of observation, and one that 
widens more and more every year. It is impossible to enter upon any of its details 
now ; but some of its principles may be satisfactorily explained, and this I shall 
endeavour to do. 

It is now established, 1st, that the stratified rocks containing organic remains 
admit of a division into four great groups, representing four great periods of time : — 
a, the Palaeozoic or Ancient ; b, the Mesozoic or Middle ; c, the Oainozoic or Ter- 
tiary ; and (f, the Quaternary or Modem periods. 2nd. That each period is* distin- 
^^ed by its own hieroglyphic characters, which are engraven on the rocks in 
definite and determinable characters. 3rd. That these hieroglyphics are the fossil 
remains or imprints of animals that lived in the water in whiSi the sediments were 
formed in successive layers on the eaiiih’s crusty and are only found in the rocks 
they distinguish ; so that it is possible to determine the age and position of the strata 
from which they have been collected, or, in other words, identify strata by organic 
remains ; and by this key are we enabled to read the pages of the Rock-book, study 
the history of extinct forms of life, and determine tneir distribution in time and 


space. 

I^t us apply these principles to the subject we have in hand. The Palaeozoic 
pwiod comprises the history of the Cambro-Silurian, Devonian, Carboniferous, and 
Permian a^s ; and if we attentively examine the fossils of this period contained in 
the cases of the magnificent Geological Museum of this institution, we shall see that 
all the organisms belonging to one age are entirely distinct from those belonging to 
the others. You will find, for example, in the case of the Silurian age, some beau- 
tiful corals, crinoids, and cephalopods. with a remarkable assemblage of Crus- 
tacea, the representatives of an extinct family, the Trilobitidfie, which are so highly 
oharaoteristic of this age that the rocks may be Called Trilobitic. 

The Devonian age succeeds the Siluriw ; and among the corals and shells so well 
Been in this Collection we observe a striking resemblance to those of the Silurian on 
the one side and the Carboniferous Limestone on the other ; but when closely ex- 
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amined we find that many are generically, and all are specifically distinct from both ; 
besides this we discover that a new gi^oup of organisms of a different and higher 
type of structure are now introduced for the first time — namely, those remarkable 
forms of the ichthyic class the fishes of the Old Ked Sandstone, and whose singular 
forms with their bony armour and osseous scales remind us of the remarkable 
fishes Lepidostem and Polypterus from North- American, African, and Australian 
rivers of our time. The hieroglyphics, therefore, engraven on the strata of the 
second age are visibly different from those on the first. 

The Carboniferous succeeds the Devonian ; and here we find a marvellous deve- 
lopment of the life of this age preserved in the cases of this Institution. Pray 
study attentively the fine specimens of Anthozoa here exhibited, all derived from 
the upper beds of the Carboniferous Limestone at the gorge of the Avon, and show- 
ing very clearly that this portion of the section was formed in a tropical sea, and 
til at the limestone is the product of the living energies of those Polyps, sections of 
whose skeletons lie there nefore you. Of the family FAVOsiTiDiE we see P\imsites, 
Alveolites^ ^yrinyopora Michelinia; and of the family Cyathopiiyllida: we have 
Cyathophyllamy Lithostrotion, Lmisdaha^ &c. Many of the beds of limestone are 
almost entirely composed of the ossicula of Ciinoids ; and we see the stems, arms, 
and calyces of these sea-lilies strewed in abundance in the rocks, such as Actino- 
crinusy Potenoermus, Plnfycrinus^ CyatliocrinuSy Pentreiiiites, &c., with the remark- 
able ancient Sea-urchin Palcrchimis associated with them. The Molliisca were 
chiefly represented by the Brachiopoda, which were very common in the Carboni- 
ferous age, as you may see in the large slabs containing Orthis, Spinfera, and P/’o- 
dmkis in great profusion. The Lamelllbranchiata were represented by" Cardmnorpha 
and ConocardimUj and the Gasteropoda by Euumphalus^ Plenrotomaria, and Katica. 
and the Cephalopoda by GomaiiteSj OrthoceraSj Sza, The Trilobites, which formed 
so remarkable a feature in the fauna of the Silurian sea, are here represented 
by a few specimens of Phlhpsia^ a dwarfed genus of this family. The fine 
collection of teeth and spines of large fishes from the Carboniferous Limestone 
enables us to compare the forms of this age with those of the Devonian already 
described, and shows at a glance that the ichthyic types in the seas of these two 
periods were entirely distinct, and both evidently adapted to conditions of existence 
widely different. 

^ The life of the Carboniferous Limestone proves that it was a great marine forma- 
tion accumulated during a long lapse of time out of the exuvisc and sediments of 
many generations of Mollusca, Eciiinoderraata, and Actinozoa, the reef-building 
corals having contributed largely to the thickness of the Coral-beds, and the wasted 
reefs of former generations having been used up again and again in the formation 
of the Oolitic beds which succeeded the reef-building periods, 

P^The Coal Measures present a remarkable contrast to the Coral sea of the Carboni- 
ferous era. The Ferns {Sigidaria, Lepidodendra) and other arborescent Acrogens of 
the Coal-seams grew and flourished in low islands j and their remains were accu- 
mulated under conditions very different from those in which the thick-bedded lime- 
stones of the Avon section were formed. Good typical examples of the vegetation 
of this remarkable time in the world’s history are well preserved in the large 
collection, filling several cases ; these specimens are all very line, and require, and 
I am sure will have, a careful examination. 

With the close of Palaeozoic time there appears to have been a great break in 
the stratigraphical sequence of the fussiliferous rocks ; mighty changes then took 
place. Volcanic ^ency was intense and active, flexing, contorting, and upheaving 
the older beds. These displacements in our area were post-carboniferous ana 
pre-triassic, and are well exenmlitied in the unconformable position of the Dolomitic 
Conglomerate and New Ked Sandstone of the Bristol district. 

The dolomitic conglomerate contains the bones of Dinosaurian reptiles dis- 
covered in Durdham Down, and preserved in this Museum ; they were described 
by Dr. Riley and Mr. Stuchbury in 1836*, and were then the oldest Dinosauria 
in Britain. Since that date the Triassic sandstones of Cheshire, Scotland, and 
North America have been found to contain the foot-imprints of Ch(m*otkeria, 
and the same formation near Warwick the bones and teeth of remarkable reptiles 

♦ Trans. Geol. Soc. 2nd series, vol. v. p. 349 (1840). 
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belonnng' to the family Lahyrinthodontia ; subsequentlj^ it has been discovered 
that 3ie coal-field of Munster- Appel in Rhenish Bavaria, and that of Saarbruck 
between Strasburg and Treves, contain the skulls and bones of several species 
of air-breathing reptiles which were described by Goldfuss under the generic 
name Archegosaurus, The reptilian remains of the conglomerate, though now 
not the oldest of their class, still retain their interest for the Paleontologist, as they 
prove that highly organized Binosauria lived on Triassic land. I must refer you to 
the original memoir for a full account of these bones, which enabled its authors to 
establiS. two genera for them. The one, Thecodontosaurus^ has the teeth placed 
closely together in the jaw-bones. They are sharp, conical, compressed, and have 
their anterior and posterior borders finely denticulated, and the extremity slightly 
bent, like the teeth of Megalosaurus. PnUposattnis has the teeth compressed and 
pointed likewise ; but one of the borders only is denticulated, and the other tren- 
chant. The species are distinguished by the size and form of the teeth. The ver- 
tebras resemble those of Teleosaurus in being contracted in the middle, and having 
their articular surfaces slightly biconcave ; and the rest of the bones of the skeleton 
resemble the forms of the Lacertian type. 

We know very little of the life of the Trias in the district under consideration, 
beyond the reptilian remains first noticed here, until we come to the close of this 
age, when we find upper grey marls of theKeuper overlain by and passing into a series 
of black shales and limestones known as the Avicula-contoHa or Khsetic beds, which 
have a great interest for us, as they comprise the famous Bone-bed of Aust Cliff 
known to all geologists. The leading fossils are Avicula contortay Carditmi Rhaii- 
cuMf Monotia aeomsata, Pecten Valoniensisy and the small crustacean Rdheria minuta. 
The fishes are NemacatdhuSy Saurichthgs, JlghoduSy Ggrolepis, Sargodofi, and Cerch 
toduSf with bones of Plesiosaurus and Ichthyosaurus, It is the teeth of Ccratodusy 
or homed teeth, that have made Aust Cliff famous ; and more than 400 different forms 
have been described. Mr. 0. T. Higgins made the finest collection of these remains, 
which has been purchased for the Museum, and fonns one of its rarest treasures. 
When these horned teeth, so called from the prominences they exhibit, were first 
described by Agassiz, the living species of this genus was not known ; it is now 
ascertained that it lives in the Mary, Dawson, and other rivers of Queensland, and 
is called by the natives Barramanda.” The Ccratodus is very nearly allied to the 
LepidosireUy is cartilaginous, a vegotahle-eater, and, like the Lepidosireny lives in 
muddy creeks ; during the hot season it buries itself in the mud, whence it is 
dug up by the natives, its retreat being discovered by the air-hole through which 
it breathes ; its nostrils are placed in the inside of the roof of the mouth. 

A very interesting paper on Ceratodus Fosteri (the specimen in the Museum) by 
Mr, Stoddart, F.G.ff, will be found in the ‘ Proceedings of the Bristol Naturalists’ 
Society,’^ vol. i. p. 145. 

The Lias, which succeeds the AvicuJa-contorta beds, presents a remarkable contrast 
to them, and shows how much the life-conditions of every age depend on the phy- 
sical agents that surroimd it. Two Moups of animals appeared in great force in the 
Liassic Sea — ^Ammonites and Reptiles. 

The Ammonites of the Lower Lias beds (A. angulatusy A. Bucklandiy A, Cony- 
heari and others) attained a large size ; and the middle and upper divisions of the 
same formations were all characterized by different species that marked horizons 
of life in these divisions. Associated with the Ammonites a large assemblage of 
other Mollusca are found, as Gruphceay LimUy Unicardiuniy Pholadomyay Cardiniay 
Hippopodiumy PUurotomariay ana a profusion of Belemnites and large Naviili, 

The Reptiles were very large, as you can see by the fine specimens on the walls : 
Ichthyosaurus and Plesiosaums were the dominant forms of this Class ; and Ptero- 
dactyles with expanded wings performed the part of birds on the dry land of that 
era j so that the air, the estuary, and the ocean had each separate forms of Reptile 
life in the Lias ajje. Another change of conditions introduces us to new forms in 
the Lower Jurassic sea. A large number of species of Conohifera and Gasteropoda 
crowd the shelly beds of the Inferior Oolite ; and new forms of Ammonites apper- 
taining to gro^s entirely different from those of the Lias are found in abunoance 
in Dundry Hifl. In addition to the Mollusca we find many beautiful forms of 
Echinodermata, and a large collection of reef-building corals in ]the upper beds of 
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the hill. Nothing gives us a cleper insight into the fact that all fossil species had 
a limited life in time than the distribution of the Echinodermata of the Jurassic 
strata, inasmuch as these animals possess a skeleton of remarkable structure, on 
which generic and specific characters are well preserved ; they form, therefore, an 
important class of the Invertebrata for the study of the life-history of species in 
time and space ; and the Table of the stratigraphical distribution of the Jurassic 
Echinoderms which I now exhibit reduces these observations to a practical demon- 
stration. 

The Oolitic rocks were formed in a coral sea analogous to that which rolls its 
waters in the Pacific between 30° on each side of the equator. In the Lower Oolites 
are four or five Ooral-formations superimposed one above another, with intermediate 
beds of Mollusca. The Middle Oolite is remarkable for the number and extent of 
its coral reefs, and the Upper Oolite for those found in the Portlandian series. 

The Jurassic rocks were accumulated as sediments or shore-deposits imder many 
changes of condition ; and the idea of a slowly subsiding bed of the coralline sea 
gives us, perhaps, the nearest approach to what appears to havB prevailed. 

The Jurassic waters were studded with cornl reefs, extending over an area equal 
to that of Em'ope, as they stretch through England diagonally from Yorkshire to 
Dorsetshire, through France from the coast of Normandy to the shores of the 
Mediterranean, forming besides a chain winding obliquely through the Ardennes 
in the north to Charente-Inft^neure in the south, including Savoy, the Hautes-Alpes 
and Basses- Alpes, the Jura Franche-comte, the Jura Chain of Switzerland through- 
out its entire length from Schaffhausen on the Khine to Cobourg in Saxony, and 
along the range of the Swabian Alps and Franconian Jura. Throughout all 
this widely extended oolitic region coralline strata were accumulating through 
countless ages by the living energies of Jurassic Polypifera, as all the Madreporic 
limestone beds in these formations are duo to the life-energies of different species of 
Anthozoa ; and were we to venture to estimate the lapse of time occupied in the sedi- 
mentation of the coralligenous Oolites by what we Imowofthe life-nistory of some 
living species, we should find good reasons for concluding that the Jurassic age 
must have been one of long duration. It is not the mere coralline structuire per se 
that is due to Polyp-life, but the entire mass of Oolitic limestones are the products 
of the same vital force ; for there could be no doubt in the mind of any competent 
observer who carefully examined such a rock as that in my hand that it was a mass 
of coral secreted by a Jurassic polyp, and that the Oolitic limestone which surrounds 
the coral stem is the product of a portion of a wasted reef which had been broken 
up, ground into mud, and constituted the calcareous paste that had coated particles 
on the shore, and formed by the roll of the waves tne oolitic globules which were 
afterwards cemented hj calcareous waters, and the whole transformed into the rock 
we call Oolitic limestone ; and thus the genesis of the Oolites was due to the vital 
energies of the myriads of polyps that lived in the Jurassic seas. 

The reefs that remain are merely fragments of what had existed j and those that 
have disappeared furnished the calcareous material out of which the Oolites of sub- 
sequent formations have been built up. 

1 have to thank my old friend Mr. Etheridge for the valuable notes he has 
supplied on the Mendip Hills (which he knows so well), and to Mr. M‘Murtrie for 
his excellent notes on the Radstock district (which he has so long explored), and to 
Mr. Stoddart for kindness and assistance in many ways. Without their friendly 
cooperation it would have been impossible for me to have given so much exact 
information on the structure of the interesting and complicated region in which we 
have again assembled. 

In these remarks I have carefully avoided any allusion to the origin of species, 
because Geology suggests no theory of natural causes, and Palseontologjr affords no 
support to the hypothesis which seeks by a system of evolution to derive all the 
vaned forms of organic life from preexisting organisms of a lower type. As far as 
I have been able to read the records of the rocks, 1 confess I have failed to discover 
any lineal series among the vast assemblage of extinct species, which might form a 
basis and lend reliable biological support to such a theory. Instead of a grada- 
tion upwards in certain groups and masses of fossil animals, we find, on the con- 
trary, that their first representatives are not the lowest, but often highly organixed 
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^ 0 S of tlie class to which they belong. This is well illustrated in the Corals, 
Unnoids, Asteriadee, Mollusca, and Crustacea of the Silurian age, and which make 
up the beginnings of life in the Palaeozoic period. The fishes oi the Old Red Sand- 
stone we have already seen occupy a respectable position among the Pisces ; and the 
Reptiles of the Trias are not the lowest forms of their class, but highly organized 
Binosauria. Ichthyosaurus ^ Plesiosaurus^ Pterodactylm, Teleosaurns^ and Megcdo- 
saurus stand out in bold relief from the Mesozoic strata as remarkable types of animal 
life that were specially organized and marvellously adapted to fulfil important con- 
ditions of existence in the Reptilian age ; they afford, I submit, conclusive evidence 
of special work of the Great Designing Mind which pervades all creation, organic and 
inorganic. In a word, Palaeontology brings us face to face with the Creator, and 
shows us plainly how in all that marvellous past there always has existed the most 
complete and perfect relation between external nature and the structure and dura- 
tion of the organic forms which gave life and activity to each succeeding age. 

Palaeontology likewise discloses to our feeble understanding some of those methods 
^ which the infinite works through natural forces to accomplish and maintain Ilis 
dreative design, and thereby teaches us that there lias been a glorious scheme and 
a gradual accomplishment of purpose through unmeasured periods of time ; but 
Palaeontology affords no solution of the problem of creation, whether of kinds, of 
matter, or of species of life, beyond this, that although countless ages have rolled 
away since the denizens of the Silurian beach lived and moved and had their being, 
the same Biological laws that governed their life, assigned them their position in 
the world’s story, and limited their duration in time and space, are identical with 
those which are expressed in the morphology and distribution of the countless 
organisms which live on the earth’s surface at the present time ; and this fact realizes 
in a material form the truth and force of those assuring words, that the Great Author 
of all things, in these Ilis works, is the same yesterday, today, and for ever. 


Descrijgtion of a new Species of Lnhyrinthodont Amphibia from the Coal at 
Jarrow Colliery, near Castlecomer, co, KilJcenny. By William Hellier 
Bailt, F.L.S., F.G.S., MJi.LA,, Acting Palaeontologist to HM, Oeolo^ 
gical Survey of Ireland, 

The discovery of the remains of as many as seven genera of vertebrate animals 
of the Labyrinthodont type, associated with large Ganoid fish {Phizodus, Gyracan- 
thus, &c.) and plant-remains (Lepidodeudron and Sigillana, with a few ferns, -4/e- 
thopteris lonchaica, Sphenoptcns latifoha, &:c.), ten years ago in the coal of Jarrow 
Colliery, co. Kilkenny, by Mr. W. B. Brownrigg, and their description by Prof. 
Huxley (see a joint memoir by that gentleman and Prof. E. Perceval Wright, 
Trans. Royal Irish Acad. vol. xxiv. 18G7, pp. S51 &c.) was alluded to by the 
author. 

Since then a much larger example than any of those previously described had 
been obtained from the same colliery by the Geological Survey of Ireland, and 
was the subject of the present communication. The occurrence of the genus 
Anthracosaw'us amongst the fossils formerly obtained from this colliery had already 
been indicated by Prof. Huxley ; that specimen, however, only consisted of a group 
of vertebrae and ribs, now in the British Museum collection. This the author had 
examined, and believed it to be identical with corresponding parts in the fossil now 
brought before the notice of the Association, and which he nad named Authraco- 
saurus Fdgei, considering it to be allied to, but not identical with, A. MusseUi, 
Huxley, a species from the Lanarkshire coal-field, of which the palatine or under 
portion of the head, with the teeth, was the only part known. In A. JEdgei a 
side view of the entire head is presented to view, trian^lar in shape, with a 
rounded snout, showing the large eye-orbits, external nostrils, and series of alveolar 
cavities. A detached ramus of the jaw, most probably of the same animal, also 
shows the remains of a dental series, a well-defined articulating extremity, and the 
division between the dentary and angular bones. Detached teeth near this jaw 
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evidently belonged to it; they were described as conical, slightly curved, pointed, 
and finely striated, 1 J inch long by J inch in diameter ; also other smaller ones, 
onlv three eighths of an inch by one eighth and a half. The characteristic 
sculptured surface of the bone was well preserved on the detached jaw, and obser- 
vable on several parts of the head. A portion of the body, consisting of displaced 
vertebras and ribs, with some larger bones (probably humerus, ilium, and other 
bones of the fore and hind limbs), were scattered over the slab ; the termination of 
the body and tail was unfortunately deficient 

The bones were not in a very satisfactory state for study. Some of the verte- 
brae possessed their spinous processes {neurapophyses) and exhibited their concave 
articular surfaces ; in others the centra only were preserved ; these were about an 
inch long and half an inch in breadth, the spinous processes being from to 
2 inches in height and | inch wide at their upper and widest part. The longest 
I’ib measured about 65 inches with the curve, being f inch broad, a slight groove 
traversing its length ; the proximal end shows the double articulating portions, 
capitulum and tuoerculum. In the group of ribs and veiiebrse from the same col- 
liery, before alluded to as being in the British Museum, one of the ribs measured 
9^ inches with the curve and 5 inch in breadth, showing it to have belonged to a 
much larger animal. 

The extreme length of the head is about 14 inches, measuring from the snout to 
the tympanic bone ; its height from the lower portion of the under jaw to the 
supraoccipital is OJ inches, being in the proportion of two thirds to the length. 
The total length of the specimen is about 3 feet; this does not, however, represent 
any thing like that of the entire animal when complete, which must have been at 
least C or 8 feet long. 

The condition of the fossil, which is impressed upon two large slabs of anthracite 
coal (obverse and reverse of the same specimen), is not at all favourable for exact 
determination, and it is much flattened hy pressure. 


On the Action of Ice in what is usually termed the Glacial Period, 

By the Eev. James Brodie. 

It is generally supposed that there was a lengthened period intermediate between 
the tertiary and the quaternary eras, when a great part of the earth was subjected 
to extreme cold. This has been called the Glacial reriod or Great Ice Age. 

The facts adduced in support of these conjectures are : — 

Traces of glacier-action have been found in regions which now enjoy a 
temperate climate ; 

Boulders, evidently transported by glacial currents from northern regions, 
are found in temperate localities. 

My reply is, that these discoveries prove that in former times there must have 
been great cold in places which are now comparatively warm ; but they do not 
prove that that cold was contemporaneous over all the quarters where these traces 
are found. When the climate was cold in one place, there is every reason for sup- 
posing that it was warm in others. 

Glaciers are rivers of ice ; they come down from the mountain-side ; but they pe 
fed by the vapours that are principally raised by the action of the sup on the in- 
tertropical seas. If the area from wnich that vapour is raised be diminished, the 
vapour will be diminished; and if vapour is not supplied, no glacier can be 
formed. 

Glacial currents come from the polar regions ; but they would cease if counter- 
currents from the equator did not bring up water to supply the place of that which 
th^ carry away. 

it has continued its uninterrupted onward course, the cold gradually increasing 
in intensity, down to the present day. 
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On the further Extension of the Ehcetic or Penarth Beds in Warwiclcshire, 
Leicestershire^ Nottinghamshire^ Yorkshire, and Cumberland ; and on the 
Occurrence of some supjoosed Bemains of a new Lahyrinthodon and a new 
Badiate therein. By the Rey. P. B. Brodie, F.Q.S, 

The author points out a considerable extension of the Rhaetics in Warwickshire, 
Leicestershire, Nottin^amshire, Lincolnshire, and Yorkshire, and traces of them in 
Cumberland and Staffordshire. Many sections are described and characteristic 
fossils given, thus showing that though they appear to thin out north and north- 
eastwards, yet in all probability they will be detected beneath the Lias in its range 
from S.W. to N.E. The line typical sections of Aiist, Watchet, Penarth, West- 
bury, and Wainlode cliffs are alluded to. In this formation near Leicester probable 
remains of the Lahyrinthodon and a new Radiate are for the first time recorded. 
Thus the British Rheetic series, though greatly inferior both in thickness and 
abundance and variety of fossils to the much more largely developed rocks of this 
age in the Austrian Alps, is still a well-defined and highly fossiliferous formation 
occupying a considerable area and holding an important and independent position ; 
and future researches will no doubt greatly increase our knowledge both of its 
extent and fossils. 


On the Origin of the Bed Clay found by the ^ Challenger ’ at great Depths in 
the Ocean, By Dr. W. B. Carpenter, F,B,S, 


On the Condition of the Sea-bottom of the North Pacific, as shown by the 
Soundings recently tahen by the U,S, Steamship ‘ Tuscarora,^ By Dr. W. 
B. Carpenter, F.B,S, 


On the Northern End of the Bristol Coalfield, By Handel Cossham, F,G,S,, 
Edward Wethered, F,G,S., and Walter Saise, F,G.S. 


Note on the Deposit of Tin-ore at Parle of Mines, St. Columh, Cornwall, 
By Clement Le Neve Foster, B,A., D.Sc,, F,G,S, 

The tin-ore occurs in thin layers, generally 1 or 2 inches thick, interposed be- 
tween the planes of bedding of the clay-slate, or killas, a hardened jointy shale. 
These layers strike E. & W., and dip north, at an angle of C0° or 70® with the 
killas. They appear to be lateral offshoots of small north and south veins, and they 
rarely extend more than a few feet to the E. and W. of them. Sometimes the 
killas is full of little layers of tinstone for a distance of 100 fathoms from N. to S., 
40 fathoms along the dip, and 0 to 10 feet along the strike. 


On Moraines as the retaining Walls of Lakes, By Edward Frt, Q,C, 

The object of this paper is to ask a question. 

The origin of many lakes is attributed to terminal moraines of extinct glaciers, 
which are supposed to act as the retaining walls by which the water is held back to 
form a lake. Llyn Idwyl is referred to as an illustration of this theory. But edl 
terminal moraines of existing glaciers are cut through to the level of the ground 
by the streams from the glaciers. The numerous terminal moraines of the Rhone 
glacier, each cut through hy the infant Rhone, were referred to as an illustration of 
&is familiar fact. 

For a moraine to act as a retaining wall for water, the breach must be wholly or 
partially filled up. How has this been done F 
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Notes on the Variations in Character and Thkhness of the Miilstone-gHt of 
North Derbyshire and the adjoining jiarts of Yorlcshire, and on the probable 
manner in which these Changes have been produced* By A. H. Green, 
AT. A., F*G*S. 

The Millstone-grit of the district treated of was subdivided as follows : — 

(3) Rough Rock. 

(2) Middle Grits. 

(]} Kinder-Scout Grits. 

Bottom, 

(3) is a bed which, in spite of some local variations, may be fairly spoken of as 
singularly constant in character and thickness. 

(2) is a remarkably changeable group. In Derbyshire its most striking member 
is the Grit of Chats worth (the Third Grit of the Geological Survey) ; this was 
shown to be a bed of only local occurrence, thinning away and disappearing entirely 
to the north. The beds above the Ohatsworth Grit in Derbyshire which are called 
Second Grits by the Geological Survey, and the rocks in South Yorkshire which 
are called Third Grits by the Geological Survey, were shown to be in a general 
way the equivalents of one another, though, on account of the numerous changes 
that are met with in passing from place to place, no correlation of individual beds 
was possible. 

(1) is a group less changeable as a whole than the Middle Grits, but liable to 
many local variations. One very striking case of the sudden thinning away of a 
great mass of Grit and Conglomerate that forms its base in Derbyshire was de- 
scribed. To account for the variations spoken of, it was pointed out that wedge- 
shaped masses of sandstone have been, sometimes banks formed in shallow water 
and tailing out in the direction in which the water deepened, sometimes heaps piled 
up by the action of opposing currents. But it seemed that in the present case the 
occurrence of lenticular masses of sandstone could in several instances be best 
explained by supposing that the floor on which these beds were deposited was very 
uneven and full of hollows, and that the great cakes of sandstone had been formed 
by the filling-up of these depressions by drifted sandy sediment. 


Notes on Carboniferous Encrinites from Clifton and from Lancashire. 

By J. G. Grenfell, B.A.,, F.O.S. 

The author exhibited and described a series of Poteriocrinus pUcatm from the 
base of the Carboniferous limestone in the gorge of the Avon. The new facts 
brought to light by these specimens are the anal plates, the arms which bifurcate 
four times, pying eighty rays, the stem and its side arms, and a very remarkable 
proboscis exhibiting a structure hitherto unknown amongst the Crinoids. One of 
these is inches long by f inch wide, and is composed of long narrow plates 
arranged in five horizontal rows with longitudinal and transverse ndges. 

The total number of plates is upwards of 1300. 

A new species of Poteriocrinus was then described, P. rugosus (Grenfell), found 
in the Lower Limestone Shales, Clifton, which resembles P. pentagonus and 
P. hngidactyhts (Austin), but is distinguished by the depression of the angles and 
lateral articulations of the body-plates, and by the surface of the body being rough 
and that of the arms strongly wrinkled. 

A specimen of JRhodocrinns verus from Clifton showed that the rays of this species, 
hitherto unknown, were twenty in number and closely tentaculated. Miller^s 
figures of this species include a distinct Silurian fossil, for which Phillips and 
De Koninck would retain the name P. verus. Since, however, Miller’s detailed 
drawing of the species agrees with the specimen exhibited, it was urged that this 
latter has the best claim to the name. 

Modocrims verisimilis (Grenfell), a new species from OUfUm, was described. It 
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resembles It. verm, but differs in tbe arms being short, wide, and flat, and in the 
rays being 40. 

The author then showed that Phillips’s generic description of Gilbertsocrinm was 
inaccurate in the shape of the scapul© and first intercostal ; but he argued that the 
genus should not be confounded with Rhodocrmus, as had been done of late years, 
being clearly distinguished by the form of the brachials and by the presence of 
orifices opening into the perforations in the arms. He suggested that these openings 
are not ovarian, but for tlie purpose of admitting water into the interior. 

Gilbertsocrinm may be defined thus : — 

Basals 5 ; subradials 5 j radials 3 ; brachials several, irregular ; the second 
brachial channelled at top, and leading into an orifice which communicates with 
the perforation in the arms ; axillary plates well developed ; arms round, and gene- 
rally set at right angles to the body ; body-plates generally tuberculate. 

A new species of Gilhertsocrmns from Lancashire was described, G. Koninchi 
(Grenfell). It is distinguished from aU except G. siniphx (Portlock) by five 
prominent tubercles round the base. From that species it differs in shape and 
size, in the narrowness of the subradials, and the presence of tubercles on the body- 
plates. 

On the Influx and Stranding of Icebergs during the so-called Glacial Epoch, 

and a suggestion of the possible cause of the Oscillation of the Level of Land 

and Water to which that Influx may he due. By John Gunn. 

The author repeated his previously propounded views, that an influx of icebergs 
was due to the increased area and depth of the sea in the northern hemisphere, by 
which the perpetual snow-line was altered, and consequently masses of ice and 
glaciers were disengaged and set floating southward. 

When the sea was of sufficient depth the icebergs would float over the land, and 
their passage would be marked by boulders let fall, as was the case in the Chalk, in 
which they are occasionally found imbedded ; but when the sea was shallow they 
would be stranded, and the effects described by Mr. Gunn would be produced, as in 
Ireland and the east of England. 

These phenomena were, he represented, distinct from glaciers formed on moun- 
tainous districts, as in W^es ana the north of England, which would be indicative 
of cold j whereas the increased area of the sea would indicate a milder climate, 
except so far as it would be affected by the influx of ice. 

Mr. Gunn conjectured that as no adequate cause had been assigned for the 
alternate increase of water in the two hemispheres, it might possibly be due to the 
motion of the solar system in space, which Sir John Ilorschel had treated as a 
useless speculation, but to which Otto Struve and other astronomers had directed 
their attention, and had endeavoured to demonstrate the velocity and direction 
of. They had not, however, at present been able to ascertain whether the sun 
with its cortiSge of planets revolved around any and what centre. 

Here, therefore, "^as an unknown quantity ; and since all other movements are 
inadequate to produce all the required results, he ventured to hint that they might 
be due to this. lie referred to the possibility that the tides might be affected by 
the relative position of the sun to the earth, which might undergo a change dming 
the enormous extent of the revolution of the solar system. At any rate it appeared 
to him that no positive conclusion could be arrived at until this was seltlei 


On the Occurrence of Bhcetic Beds near Leicester. 

By William J. Hareison. 

The Spinney Hills are a low range forming the eastern boundary of the town of 
Leicester and of the Soar valley. They are composed of red and blue Keuper 
marls containing selenite, salt-ciystals, and a massive nodular band of gypsum. 

At the northern extremity the ran^ is capped by the Rhsetic beds, which are 
cut off from the Lias on the east by the valley of a little stream, the Willo brook. 
A vertical section of from 80 to 40 feet is obtained in brick-pits, whilst a boring of 
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coal in an adjacent field has reached a defth of 600 feet, and is still in the Keuper 
marls and clays. 

The floor^f the brick-pits is of red Keuper marl, resting on which is a thick 
bed of grey marl, about 16 feet, with insect and fish remains, selenite and pseudo- 
morphic salt-crystals, pittings as of rain-drops, &c. On its uneven upper surface 
rests the bone-bed, 2 inches thick, containing rolled Saurian bones, vertebra), and 
teeth of Ichthyosaurus, ribs of Plesiosaurus, spines of Nemacanthm monilifer and 
Hyhodus minor, teeth, scales, &:c. of Ilyhodus, Laricthys apicalis, Ceratodus, &c. 
Coprolites and large quartzose pebbles are numerous. 

Above this come 5 feet of clack shales, containing a new Starfish, Ophiolepia 
damesii, and Avictda contorta, Cardium rheetxcum, Axinus cloacinus, ; then 
about 4 feet of light-coloured shales with the same fossils ; and the whole is capped 
by a bed of rubbly limestone, 3 inches thick, containing casts of Estheria minuta, 
Tiie beds have a slight dip to the S.E. 


Undulations of the Chalh in the North of France, and their prohahle existence 
under the iS traits of Dover, By Professor E. H^ibert. 

I showed at the Brighton Meeting that the beds of Ohalk in the north of Franco 
are folded so as to form five anticlinal axes having a S.E. and N.W. direction, viz, 
the axis of the Perche, 

„ „ Seine, 

„ „ Bray, 

„ „ Bresle, 

„ „ Artois. 

On the present occasion I am about to prove that there is another series of folds 
at right angles to the former, that is to say ha\ing a S.W. and N.E. direction. 

The mode of demonstration is very simple and rigorous. I take for example a 
well-known bed, such as the Ckloritic I^Jarl, and observe its altitude at various 
points. 

Taking, for example, the region between Fdcamp and Paris, which belongs to tho 
S.E. and N.W. anticlinal axis of the Seine, we see the Ohloritic Marl at Fecamp at 
the level of the sea; the beds rise to the S.E., and the same bed (near Montheville, 
10 kilometres off) reaches 270 feet. Then they sink, so that the surface is soon 
foraied of the Micraster cor~testudinarium beds, which are separated more than 200 
feet from the Ohloritic Marl. They afterwards rise again, and the Ohloritic Marl 
once more attains a height of 200 feet at Pavilly. It next descends by 470 feet at 
least, rises again to 160 feet at liouen ; and the base of the Ohalk with M, cor-testn- 
dtnarium reaches the height of nearly 600 feet. Again a dip takes place between 
llouen and Vernon, this time of 340 feet; then at Pressagny, near Vernon, the 
Ohloritic Marl appears at 109 feet ; and finally there is a regular dip towards Paris, 
where the Ohloritic Mail is at about 1600 feet below the level of the sea. 

Thus the region between Fecamp and Vernon presents four imdulations (Fecamp, 
Pavilly, Kouen, and Vernon), the extent of which ranges between 400 and 6(X) feet. 

By a similar method I find that the region comprised between Tr^port and 
Oompi^gne (the anticlinal axis of the Bresle) presents three bosses, the first having 
its summit at sea to the N.W. of Tr^port, the second at Aum^e, the third at 
Breteuil. 

The axes of the Bray and of the Boulonnais present similar undulations. More- 
over it is easy to observe that these various bosses are connected among themselves ; 
thus the centre of the Bray axis is precisely on the line which runs from Rouen to 
Aumale, and this line, prolonged to the north-east, passes by Picquigny-s. -Somme, 
where is a rising of the Chalk, crosses at An’as the axis of Artois, and from this 
point is directed towards the ancient rocks which extend from Ilouai to Toumay. 

Here is then a S.W. and N.E. fold of a well-marked character, and the extent of 
which is recognized from Rouen into ^Artois. 

The Vernon boss is the point whence starts another fold, parallel to the preceding 
one. This fold traverses the Bray near Ville-en-Bray ; it then passes at J%)eteul^ 
where a very distinct boss is to be seen. 
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These two folds are separated by a very distinct synclinal depression, which is 
anterior to the Bel mucronata chalk, which at the north, near Moreuil and Hardi- 
villiers, have only been deposited in the depression and not on the rise. 

A third parallel fold extends from Mentheville, near Fecamp, to Tr<5port ; to 
the north-east it passes near Lillers, where the Devonian crops out ; at Dieppe 
this fold has caused a fault of about 250 feet. All the Boulonnais is to the N. W. 
of this line, and the beds dip to the sea. The Gault descends more than 880 feet 
from Fiennes to Wissant. 

But this movement of depression does not continue, and the strike of the beds, 
which can be perfectly followed at low water, indicates a gradual rise. This strike 
makes an angle of 38° to 40^ with the coast-line (Chelloneix). The beds get further 
off to the north ; but as we find them again exactly the same at Dover, they must 
necessarily curve round towards the west j and this can only be by the effect of an 
undulation similar to the last. 

It is a legitimate inference to draw that the lie of the beds is the same under the 
channel as on the coast; and direct observation brings us to the same conclusion, 
viz. that the Cretaceous beds are raised in the form of an anticlinal axis in the 
middle of the Straits. Most certainly, starting from any point of the coast between 
Blanc Nez and Calais, so as to proceed to Dover in a straight line, it will be 
impossible to keep in the same horizon of Chalk Marl, or Chalk without flints, 
even if this bed were 400 feet thick. An undulation or boss some 400 to 600 feet 
must be expected. 

We should therefore have here, in consequence of the preceding facts and argu- 
ments, a fourth axis (S.W. and N.£), Vaxe dc la Manrhe. 

The existence of this axis was announced in 1846 by D’Archiac, who reasoned 
from very difterent data. Ever}’ thing concurs to prove its reality. 

It will be noticed that the extent of these undulations, which always bring the 
Upper Greensand to the surface in the north of France, increases constantly on 
approaching the sea. 

At Fdcamp the Upper Greensand, which is here quite sandy, crops out at more 
than 270 feet ; at Aumale it reaches 400 feet ; there is therefore serious cause for 
thinking that a tunnel carried in a straight line would go through not only the 
Upper Greensand, but also beds of older age. 

The two systems of folds which I have described both bring about important 
faults, from 260 to 400 feet in throw. The first parallel to the axis of the Boulon- 
nais and Weald is not likely, in my opinion, to nave produced any great fault in 
its line of trend in the beds to be cut through by the tunnel. As to the second, 
there would be nothing surprising if it should have caused a line of fracture parallel 
to the Channel axis; but hitherto no evidence has been forthcoming on this point. 

It follows from what I have said that if the tunnel is bored in the Chalk Marl or 
the Chalk without Flints^ or even proximatelv above this layer, it will leave not 
only this bed, but also the Chalk Marl and Gre&n Chalk, and meet Upper Green- 
sand, the sandy base of which, lying on the clay of Gault, may, or rather must, 
contain a sheet of water. 

A means of avoiding the Upper Greensand would be to talre a northerly direction 
towards Calais, and to enter first the Chalk with Flints and then to go down into 
the Chalk Marl. But this Chalk with Hints contains permeable beds; so that the 
'luring made at Calais in 1844 tapped at 580 feet a feeder of brackish water. 

In my opinion these permeable bands are beds of hard limestone pierced by holes 
such as I nave frequently observed in the Chalk. It is to one of tnese bands that 
Mr. Whitaker has given the name of Chalk Mock. I do not say that these beds 
are always permeaWe, but that they may be so. I believe that it is they which feed 
the Artesian wells of Artois. 

Now there is one of these beds at the top of the Chalk with Ammonites Mantelli 
and Ammonites rotomagensis (Grey Chalk) ; and there is usually one, sometimes 
two or three, at the top of the Chalk with few fiints. Above that horizon come 
the Molaster planus Chalk-beds of Dover, then those with Mic. cor-4esbudinariumoi 
the base of the southern cliff of 8t. Margaret ; all these beds are generally hard, 
fissured ; yet they will occaaioit less than the base of the Upper Greensand, 

and their permeameness may be bulimaental. 
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Such are the data which studies carried on during more than fifteen years enable 
me to bring forward. Their application to engineering does not oome within my 
province ; I leave that entirely to the eminent man who is carrying out this great 
work, and who I hope vrill master all obstacles. 


On the Geology of New Zealand, By Dr. J. Hector, F,E,8, 


Oil some Areas where the Cambrian and Silaricin EocJcs occur as Conformable 
Berks, By Henry Hicks, F.Q,B, 

The author stated that of late years it has been generally supposed that there 
was strong evidence in many Welsh sections of the presence of several important 
breaks in the succession in these rocks, and that the series forming these formations 
were not deposited over an area becoming gradually depressed, the usual idea being 
that the area was at one time under water and at another dry land. That this 
was really the case over limited areas he was not at present prepared to deny ; but 
he thought the evidence of this was as yet imperfect. In other cases, however, he 
was prepared to contest this view, and, amongst oth( sections, mentioned the 
following as showing conclusively that there was not th slightest evidence of the 
presence of an unconformity. 

In Pembrokeshire the succession from the Cambrian to the top of the Llandovery 
rocks is a perfectly continuous one ; and there are no breaks seen anywhere but such 
as are produced by faults. 

In the neighbourhood of Llandovery, the Oaradoc, Lower Llandovery, Upper 
Llandovery, Wenlock, and Ludlow beds are seen resting quite conformably upon 
each other. 

In parts of Shropshire, the Oaradoc, Lower Llandovery, Upper Llandovery, 
Wenlock, and Ludlow are also seen, and there they also appear to oe conformable ; 
in the neighbourhood of Cornwen, in Merionethshire, the sections also appear to show 
a regular succession from the Oaradoc through the Tarannon shales to the Derbyshire 
slates, flags, and grits. 

He therefore looked upon these areas as portions of one great and gradually 
subsiding area, which remained continually under water, and received deposits 
uninterruptedly from the commencement of the Cambrian to the close of the 
Silurian epochs. He believed that this was the case over the whole European area 
where not greatly disturbed by volcanic forces. 


On the Distribution of the Graptolites in the Lower Ludlow Eoclcs near Ludlow, 
By John Hopkinson, F,L.S,, F,G,S, 

The author first drew attention to the special interest attaching to the Ludlow 
rocks, in connexion with investigations on the vertical distribution of the Grapto- 
lites, as being the formation in which they apparently die out. 

The Rhabdophora, or true Graptolites, which, with the Oladophqra, or dendroid 
foims, we find in infinite varie^ when they first appear in the Arenig rocks, genera 
the most complex coming in simultaneously with simpler forms, were stated to be 
represented in the Lower Ludlow rocks by but a single genus, and that the simplest, 
Monograptus — and the Oladophora also by one genus only, Ftilograptm, 

A list of the Graptolites of the Ludlow rocks, given in a former communication 
to the British Association (1873), was then alluded to*, and the main conclusion as 
to the distribution in these rocks near Ludlow of the species enumerated, arrived 
at in the course of a few days spent at Leintwardine immediately before the opening 
of the present Meeting, were given. 

It was shown that several species of Monograptus abound in the lowest beds of 
the Lower Ludlow, when these lowest beds do not, as they do near Stokesay, form 
a limestone divided from the Wenlock Limestone by a few feet of shales ] that some 
* Rep. Brit. Assoc, for 1873, Trans. Sections, p. 8.3. 
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of these pass up; and a few others come iu; a little hip^her in the series; all in soft 
calcareous sandy shales; with here jmd there limestone nodules and bands of lime- 
stone ; and that when a decided change in the strata takes place; indicating in some 
places, by more siliceous and gritty heds, comparatively shallow water deposits, 
and in others, by excessively hard fine-grained limestones, a deeper sea, a decided 
change in the Graptolite fauna occurs — the gritty beds containing in myriads a 
single new species, Monograptm lemtioardenm, and the indurated limestone alone 
containing the few species of the Oladophora, belonging to the genus PtilograpUis, 
which have yet been detected. Monograptm colonus (a form passing up from the 
lowest Llandoveiy beds) appeared to be the only species which survived these 
physical changes, it having alone been seen in the softer beds high in the Lower 
Ludlow, and passing up from these into the harder calcareous shales, winch in some 
places immediately underlie the Ayniestry Limestone, when this is at the summit of 
the Lower Ludlow, and again passing up into this limestone bed, in which it seems 
finally to disappear. 

The author considered this Aymestry Limestone to form a portion only of the 
Lower Ludlow rocks, not being constantly present, and sometimes having beds of 
Lower Ludlow shales of considerable thickness between its layers ; and concluded by 
showing the dependence of the fossil fauna and flora of these rocks on the physical 
conditions of the Lower Ludlow seas, the fossils frequently being only locally dis- 
tributed, and varying slightly in their horizons according to the nature of the sedi- 
ment deposited, the Graptolites especially being influenced by these changes, to 
which their final extinction, or at least their dispersion from the area under con- 
sideration, was considered to have been most probably due. 

To the list previously given a single species only, Monogj'apUts Jloemeri, Bar- 
rande, occurring in the lowest beds of the Lower Ludlow, is added by these recent 
researches. 


^^otes on tJie Classification of the Sedimentarg Roclcs. By T. Hughes, 
M,A,f F»S,A,, Woodwardian Professor of Geology, Cambridge. 

Prof. Hughes, in advocating a revision of the classification of the sedimentary 
rocks, pointed out ; — 

(1) That, although the accumulation of rock-material may have been going on 
somewhere throughout the whole of the periods with which geologists have to do, 
still that deposition has been locally interrupted many times , 

(2) That the whole evidence had to be considered in each case, as it was a matter 
of every-day observation that trifling geographical changes might produce con- 
siderable alteration not only in the character of the sediment, hut also in the fauna 
and flora of a given area ; and small local iiTegularities, due for instance to volcanic 
action; might produce phenomena which alone would be taken for an unconformity, 
implying a long interruption of deposit ; 

(8) That denudation proves a lapse of time somewhat commensurate with the 
deposition of a similar thickness of material to that denuded. 

Bearing these principles in mind, he observed that the great divisions should be 
drawn where it can be shown there was the greatest and longest interruption in 
the continuity of conditions, the minor subdivisions being founded upon more 
rapidly varying circumstances, which often produce even greater difference in litho- 
lo^oal character and fossil contents. 

He pointed out that our present classification was very inconsistent— some of 
the breaks within the Primary, for example, being far more important than that 
between the Primair and Secondary rocks themselves. 

He proposed the lollowing classification, read in ascending order : — 


1st Epoch. 
2nd „ 
3rd „ 
4th „ 
6th „ 


Zaurentian, 

Gap. 

Labrador Series. 
Gap. 

Muronian? 


> Pre^Cambnan, 


The Huronian he felt to be not q[uite well defined, but thought it probable that 
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a group would be made out between the Labrador series, or Upper Laurentian, and 
the Cambrian. He considered that the attempt to identify the subdivisions of the 
pre-Cambrian rocks in distant countries (Britain and America for instance) was pre- 
mature. Calling attention to the two unconformable groups which Dr. Hicks had 
made out at St. David’s, he felt satisfied that the Cambrian was unconformable to 
the upper as well as to the lower, and stated that he had himself found fragments of 
the hornstones, t. e. the Upper pre-Cambrian group, in the conglomerates at the 
base of the Cambrian. The oldest rocks of N. W. Scotland, of the Malvern Hills, 
and of Scandinavia, he thought could at present only be snfely called pre-Cambrian. 

(5th Epoch, Gap between JIurontan and Cambrian. — Since we have in Britain 
certainly two, and in America probably three series of deposits before the Cam- 
brian, and the Cambrian may rest on anv one of them, it is impossible to estinnile 
the duration of the period between the Cambrian and the newest of the pre-Oain- 
brian rocks. 

1th Epoch. Cambrian. — lie referred especially to the labours of Dr. Hicks, and 
thought that there were no hard and fast lines of demarcation between different 
subdivisions of the Lower and Middle Cambrian, but only zones of life, and that 
the boundary-lines between the portions of the series in which these zones of life 
occurred were continually being shifted. Sometimes, where a change in the sedi- 
ment happened to come between two zones, this was seized upon as marking a con- 
venient place to draw a line. Such a boundarv was that offered by the (larth Hrit, 
which comes between the zone of Angelina Sedgunckii and that of JEglina binodosa. 
No life zone older than this last appears to have been yet made out in the Lake- 
district. This grit is not a conglomerate formed of fragments of the underlying 
rock, but is made up almost entirely of quartz-pebbles, small and well worn, as if 
derived from a distance. A precisely similar gut occurs associated with some- 
what similar slate low down in the green slates and porphyry in Chapel-le-Dale on 
the S.E. border of the Lake-district, probably not very lar above the horizon of the 
Garth Grit. It is like the p*it which occui's frequently in South Wales in the 
Caradoc beds, in the Denbigh Grits in North Wales, and in the Lake-district in 
the Ooniston Grits, and in all these cases is known to be far above the base in a 
conformable series. 

A great part of the series above this horizon is, in the Lake-district and in North 
Wales, made up of volcanic ejectamenta. In North Wales the ash and lava seem to 
have been deposited in the sea and modified by its action ; while in the intervals 
between the periods of volcanic activity various forms of marine lilb lived on the 
muddy bottom, which enable us to correlate the beds with the Bala series. In the 
Lake-district the sea seems to have been filled up by the immense quantity of 
material thrown out, and much of the accumulation is supposed to have been sub- 
aerial. In both districts volcanic activity seems to have ceased, while the fauna of 
the Bala Limestone still inhabited the area ; and subsidence went on while the 
Bala and Hirnant Limestones, with a great mass of interbedded and overlying 
flags, were deposited in North Wales ; and in the Lake-district the corresponding 
deposits, viz. the Ooniston Limestone, Fairy-Gill Shales and Ash-GiU Flags 
(= Lower Ooniston Flags), were formed. In South Wales and the western borders 
of England only a few aSi-like beds suggest the not distant line of volcanic outbursts. 
Scotland, Scandinavia, Bohemia, and America yield a series which, if not in detail, 
can in a general way be correlated with these. The fact that the Lake-district 
and North Wales were during this period the seat of old volcanoes, will partfy explain 
the difficulty that was expenenced by Prof. Sedgwick and Sir Roderick Murenison 
in identifying the corresponding beds in the two areas independently examined by 
them ; and the sudden ending of the volcanic deposits may probably account for the 
local apparent irregularity of the Ooniston or Bala Limestone on the underlying 
aeries, which induced Professor Sedgwick to make that limestone the base of his 
upper subdivision, and which has recently been urged as proofs of an unconformity 
by Mr, AveHne. Except in connexion with the volcanic deposits, no break has 
been proved from the conglomerates which form the base of tne Harlech group to 
the top of the Bala series. 

%th Epoch, The Gap between the Cambrian mid Silurian. — This he thought not 
atrongly marked, and certaMy not to be drawn between the Upper and Lower 
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Llandovery, He criticised the palaeontological and other evidence upon which 
this division had been made, and protested against the introduction of the name 
Llandovery Rocks instead or May-Hill Sandstone, under which it was first de- 
scribed by Prof. Sedgwick. In the Lake-district and in North Wales in every 
open section there was an apparent conformity, though the overlap of the Graptolitic 
mudstone, from the Ooniston Limestone of Windermere to the Ash-Gill Iiags of 
Coniston, seemed to suggest an unconformity. The May-Hill Sandstone, thinning 
out to the north and creeping over the edges of the Cambrian rocks and along the 
ancient mountain-range of the Malvern and Longmynd, rests on the oldest parts of 
the Cambrian and even on the pre-Cambrian. Still this cannot be said to repre- 
sent the previous denudation of the whole thickness of the Cambrian rocks, as they 
themselves thin out against the old Malvern ridge ; so that this epoch would appear 
to have been characterized in the tjmical regions by the upheaval of some mountain- 
chains and irregular movements in large adjoining areas. 

Epoch, Silurian . — This series he thought commenced with the base of the 
May-Hill Sandstone (t. e. at the bottom of the Lower Llandovery, with some cor- 
rections of boundary). There was a very considerable change in the forms of life, 
and this was conspicuous even where the stratigraphical discordance was not well 
marked. There was little difference of opinion as to the grouping of beds, except 
at the commencement and close of the period. Conglomerates mark the base at 
Austwick and Sedbergh, on the western norders of the Lake country, accompanied 

S a change in the character and colour of the sediment and of the organic remains. 

e boundary can be traced through the Lake-district proper, and in North Wales 
by the same change in the fossils and the sediment, but there is no conglomerate. 
In South Wales a conglomerate frequently marks the base ; but the group of fossils 
that comes on first is very different, and seems to suggest an earlier submergence 
of the southern area. 

Passing over the Wenlock and Ludlow, the next difficulty is in drawing the 
upper boundary. This he would take at the top of the red shales and marls of the 
river Sawdde and the countiy east of Horeb Chapel in South Wales j for there is no 
evidence of a break there or anywhere else between the tilestones and the red 
shales ; and where fossils have been found, as at Ledbuiy, in the red shales they 
are common Ludlow forms. 

The author pointed out, by reference to original and published sections by Prof. 
Sedgwick, that the views he now advocated as to the classification of the Cam- 
brian rocks and the position of the boundary-line between them and the Siluiian 
were exactly those of Prof. Sedgwick. He further showed, by comparison of the 
map and sections of Murchison with those of the Survey and later authors, that 
Murchison had not, in 1839, correctly placed any one of the beds about which he 
later came into collision with Sedgwick ; that the Caradoc of Murchison’s sections, 
supposed to rest on the Llandeilo Flags south of Llandeilo, was May-Hill Sandstone 
or Wenlock ,* that the Cambrian rocks, supposed by Murchison to crop out from below 
the Llandeilo Flags, were Caradoc and newer beds overlving it ; that the supposed 
base of the Llandeilo Flags was in fact the top. He further stated that when these 
errors were corrected there was no acknowledgment of the approach made in the 
new editions to the original classification of Sedgwick j that the latest change had 
carried the b^e of the Silurian below the unconformities in the Cambrian rocks 

g ‘ven in vol. iii. of the ^ Memoirs of the Geological Survey,’ and had left it where 
} thought no one would now venture to suggest there was any palseontological 
or stratigraphical break. As this must be changed, and the unconformities above 
mentioned would, he thought, be certainly abolished before long, he asked whether 
for justice and consistency we should not, in adopting Prof. Sedgwick’s classifica- 
tion. ad^t his nomenclature also. 

10^ Epoch. The Gap hetxoeen the Silurian and Carhoniferom . — This he con- 
sidered one of the two most strongly marked gaps (except, possibly, some pre- 
Cambrian intervals) in all the gemogic seiies. In the north of England the 
Cambrian and Silurian rocks were folded and denuded down to the Skiddaw 
Slates: strata to the thickness of at least five or six miles were removed. In 
the north-west of Wales a similar denudation seems to have been going on $ but 
as we turn to the east we find, along the Vale of Oiwyd for instance, that there 
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ms not such great contortion and denudation previous to the deposition of the 
basement-bed of the Carboniferous rocks. The patchy sedimentary base, consisting 
of sands and conglomerate, rests on the' Denbigh grits and flags. Skipping the 
region of mid Wales, we find in South Wales still less pre-Oarboniferous crumpling 
and denudation* As pointed out above, higher beds belonging to the Silurian series 
are left than any seen further north ; and the sedimentary base of the Carboniferous 
is thicker. Still further south (in Devonshire &c.), though the actual base is no- 
where seen, we have the sedimentary series more strongly developed ; and the early 
type of Devonian fossils agrees with the idea that the Devonian area went down 
first at the commencement of the Carboniferous epoch. 

11th JEpoch, Carbonifermis. — In accordance with the above view of the pre- 
Carboniferous geographical changes, the author, while disagreeing with Prof. 
J likes in his interpretation of the stratigraphical structure of Devonshire, still goes 
with him in bracketing the Devonian with the Carboniferous, and would refer to 
the same age most of the Old Red of Scotland, while a great portion of the Old 
Red of South Wales he would group with the Silurian. Running over the principal 
subdivisions of the Carboniferous, and noticing the occurrence of coal-seams at 
lower and lower horizons as we proceed from S. to N., the author next drew at- 
tention to the large masses of rock of Carboniferous age which had been so deeply 
stained from the overlying New Red that they had been grouped with that forma- 
tion ,* and pointed out that as wo approach the newest known beds of Carboniferous 
age, we find indications of the commencement of earth movements in the local 
irregularities in the sequence of the uppermost Coal-measures. 

V2th Epoch. The Interval between the Carhomferom and New Red. — This he con- 
sidered the second most important gap in the geologic series. The geographical 
changes which occun*ed in it were the hardening and upheaval of the whole of the 
Carboniferous (and bow much besides we have not evidence to show), the carving- 
out of these rocks into hill and valley, and the development of a flora and fauna 
difiering considerably from those preserved in the Carboniferous rocks. As the 
base of the New Red rests on the edges of rocks from one to four miles in thick- 
ness, this epoch must have been of very long duration. 

13^4 Epoch, New Red and Jurassic. — This epoch, like the Carboniferous, com- 
menced with the variable deposits accumulated along the shores and in the lakes 
and valleys of an irregular continent unequally submerged. They consist of con- 
glomerates, sandstones, and mudstones, and, like those at the base of the Carboni- 
ferous, generally of a bright red colour. The rod stain penetrates deep into the 
underlying roots, the surface of which often shows evidence of subaerial wea- 
thering. What wonder that, as headlands disappeared, as barriers went down, as 
depressions got silted up, there should be irregularities of all kinds observable 
between successive deposits — such, for instance, as that at the base of the Upper 
Magnesian Limestone in places, or that between the Lower and Upper New lied, 
or that between the Bimter and Keuper. (He dropped tlie word Permian, as it 
was only a new name given by Murchison to what had been previously correctly 
described by Sedgwick as Lower New Red.) 

These rocks passed up through the Rhaetic and Lias into the Oolitic series, at 
the close of which, as in every other case, we have a hint of the approaching 
changes. Probably we shall some day have sufiicient data to speculate on the limit 
to which it is possible that continuous d^osition can go on uninterruptedly in the 
same area. However that may be, the fuither on we get in geologic history the 
more clear does the evidence become that, as great waves of depression pass across 
an area^ sometimes the accumulation of sediment keens pace with it, and leaves depo- 
sits which show that the hollows had been filled and lagoons and estuaries had taken 
their place by the time the trough of depression had passed and the wave of upheaval 
had succeeded. Towards the close of the Jurassic epoch, at any rate, we have the 
Purheck freshwater beds, and later the Weald estuary, where we know there had 
been hundreds, and probably thousands of feet of continuous marine deposits. 

- The author then considered briefly the gaps which occun-ed at the base of the 
Neocomian and of the Ci-etaceous, and the intervals of which we have evidence at the 
base of the Eocene and of the Miocene, but reserved the fuller investigation of these 
points for a future occasion. 

1875. 7 
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Ohservatiom on the Discovery, hy Count Abbot Castraeane, of DiatonKwece tn Coal 

from Lancashire and other places*, Dy Prof. Ed ward Huld, F,R,B, 

The author con<iidered this discovery of so much interest and importance as to 
entitle it to the special notice of the Section, and particularly for the light it throws 
on the mode of formation of Carboniferous coal. Diatoms had been observed by 
Count Oostraoane in specimens of coal from Liverpool, Newcastle, Scotland, and 
St. Etienne ; and in these, after repeated observations in which every precaution 
had been taken to guard against deception, examples had been found in greater or 
less numbers. The species observed are identified hy Count Castracano with ex- 
isting forms, and, with the exception of tliree marine genera from the coal of 
Lancashire, were all of freshwater origin. The results appeared to the author to 
corroborate the views of those who consider that Carboniferous coal had its source 
in the decay of forests of plants, which grew with their roots and parts of their 
stems under stagnant lagoons, into which the waters of the ocean occasionally 
found access. 

The Drifting-power of Tidal Currents and that of Wind-waves'^. 

By G. Heniiy Kinahan, M.llJ.A, 

The author referred to the Report on Waves by J. Scott RuSvSell (Brit. Assoc. 
Reports, vol. xiii, 1844, p, 311), which he considered ought to have decided the 
relative merits of the tidal currents and wind-waves. This, however, seems not 
to be the case, judging from the recent paper on the Chesil bank, Dorsetshire, read 
by Professor Prestwich before the Institution of Civil Engineers (February 2nd, 
1876), and the discussion that followed the reading of it. 

^ After mentioning what can be learned from Scott Russell’s Report, the author 
myes the general conclusions he arrived at, after many years of the study of the 
driftiug-Dower of the tidal currents and that of wind-waves on the coast of Ireland; 
and to illustrate these general conclusions, a detailed description was given of that 
portion of the coast of Ireland (part of Wicklow, Wexfora, and Waterford) con-^ 
lained in the Admiralty charts (Ireland, sheets xiv. & xv.), as this coast was 
minutely examined and the results tabulated. 

The memoir concluded os follows. The information gathered on this portion of 
the coast of Ireland goes to prove the following 

1st. The driftage due to the incoming tidal currents is always, during its 
?olng on in deep water, and more or less in the shallow water. 

2nd. The driftage due to wind-waves only occurs during gales, and even then 
is only due to the waves that break on the shores. 

3rd, To prevent the tidal driftage, groins or piers should be erected ; and if 
the pier is to form a harbour, transverse groins should run out from it to stop the 
rook- wash generated by the piers ; for otherwise this back-wash would carry the 
dnftage seaward to be suckeu round the pier into the harbour. 

4th. As the wind- wave driftage occurs during gales, and then only on the 
shore-hne, it might be prevented from silting up n harbour or damaging the ship- 
ping in it by placing a breakwater across the direction from which the prevailing 
storms come. If such a breakwater were a hxed one, built of stone or some such, 
it must more or 1^ afiect the tidal driftage, and probably would help to silt up the 
i^bcrnr ; but if it were floating, it would break the wind-waves in deep water, 
mui oestromg them drifting^powers, while there would be no impediment to inter* 
fere with the tidal driftage, 

On the TAmits of the Yoredale Series in the North of Enghvndp 
By G. A. Lebottr, F.O.S, ^c. 

The ftuthor urged that the Great Whin-^ill, being an intrusive sheet of trap 
which shifted itshoriion frequently in Northumherland, was worthless as a hase- 

. J®®*'* Nuovi Linoei, Ronia, 1874. A translation of the memoir, 

by Miss littledale, of Dublin, appears in the Qeol. Mag., ^pt. 1875, 

t See * Royal Irish Academy Proceedings,* 1876-76. 
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lia© to the Yoredale series j that north of the Pennine escai^pment the Scar lime- 
stone series lost its distinct character and became quite indistinguishable from 
the Yoredales, either stratigraphically or nalaeontolo^call^ ; but that the entire 
set of beds between the Millstone-gnt ana the Tuedians in Northumberland re- 
presented the entire Carboniferous Limestone series of the Midlands and Belgium, 
and not 0 ^, as Prof, de Koninck had lately stated, the Upper Division, or Caleaire 
de V%84, The name Bernician series was proposed for the whole series having 
a Yoredale/mes in Northumberland*. 


On the Qeological meaning of the term “ Biver-hasin/^ and the desirahilitg of 
euhstituting ^^Braimye-areaf By D. Mackintosh, F,Q.8, 

The author believes that though field-geologists understand the meaning of the 
word ^^river-basin,” it is not only liable to convey a false impression, but has actu- 
ally induced many geographers to represent watersheds os almost invariably run- 
ning along the higher ground ; and, as a consequence, mountain-chains are repre- 
sented as if they ran continuously fidong the lines of watershed or water-parting. 
Ill most maps, so-called river-basins are represented as if they were really basin- 
shaped ; but the author contends that there is scarcely such a thing in nature as a 
river possessed of an uninterrupted basin extending from end to end of its course ; 
that in mountainous countries rivers either flow through ruined mountain-domes, 
or what might be called inverted river-basins, or they traverse with equal indifter- 
ence a series of basins and connecting narrow gorges. These basins are generally 
oblong j and in most instances the rivers cross them, not in the direction of their 
length, but obliquely. He describes the ruined dome through which the Dee flows 
in North Wales, and shows that the majority of the highest eminences are situated 
not on the sides, but towards the centre of this so-called river-basin. Ho also de- 
scribes the miscalled basins of the Wye in South Wales, the Tamar, and the 
Bristol Avon. After recommending the word drainage-area ” as a substitute for 
river-basin,” he concludes with an explanation of how mountains constituting 
lines of weakness ” were either worn down into valleys or merely sawn asunder 
by marine denudation, so as to leave a series of narrow gorges through which rivers 
found their way to the sea. 


On the Origin of two polished and sharpened Stones from Cefn Cave, 

By D. Mackintosh, F,Q,8, 

The author entered particularly into a description and explanation of the peculi- 
arities of form and polish presented by two fragments of limestone found in the 
part of Oefn Cave where sand and sea-shells might still be seen clinging to the 
rocky wall. One of the stones was axe-shaped, with a very sharp edge, and an 
intensely polished though only partially smoothed surface. Many reasons were 
stated for arriving at the conclusion that the stones were first in the sthte of rocky 
projections, roughly shaped by fresh water chaiged with carbonic acid gas — that 
the subsequently polished surfaces and shaipened edges could not have resulted 
from human agency, as they exhibited no indications of desira, and could never 
have answered any human purpose — and that they were merely an extreme or ex- 
ceptional result of some kind of natural agency. The author endeavoured to show 
that the polished surfaces could not have been caused by the rubbing of cave 
mammalia, as they occurred on both sides, and ran veiy nearly all round tho spe- 
cimens. In discussing the natural causes by which the stones were finally shaped 
and polished, he showed that fresh water or a stream of water running only in one 
direction could not have been the agent, and that the only adequate explanation 
was to ^ found in the to-and-fro, recurving, insinuating, and powerful action of 
sea-waves. The author went on to show tnat the sea-waves must have wielded 
Inroken ice, that at the time the stones received their final polish the ice must have 

* Ffinted in Mtmm lii the ^Qeodogical Msgadae,’ new series, decade % toL no. II, 
pp.69»-M4. 
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been free from coarse sand, and that the sand by which the stones became enve- 
loped was tranquilly introduced. He opposed the idea that the sand was derived 
by fresh water from the boulder-clay on the platform above the cave. 


Queries and RemarJcs relative to existing Ice-action in Greenland and the 

Mps, compared with former ice-action in the N. W, of England and Wales. 
By B. Mackintosh, F.G,S, 

The author bemns by discussing the question whether the so-called continental 
ice of Greenland^ a true ice-sheet formed independently of mountains, or merely 
an exaggeration of a confluent system of glaciers. [This and several other ques- 
tions, lUmished by the author, were incorporated with the Instructions for the 
Arctic Expedition.] He then goes on to consider the state of the surface of the 
Greenland ice-sheet, and believes that the amount of moraine matter is locally 
limited and of small extent. In query .3 he defends the idea of the internal purity 
of existing ice-sheets; and in queiy 4 he states reasons for doubting whether 
glaciers are capable of persistently pusliing forward the large stones they may find 
in their beds, though lie admits that the base of glaciers is charged with finer 
debris by means of which they grind and striate rock-surfaces. He mentions that 
in the Lake-district he had never seen a sharply bordered groove on a glaciated 
rock-surface which might not have been produced by a stone smaller than a walnut. 
He then quotes Forbes and Lyell to the effect that scarcely any of the stones found 
in the moraines of existing Alpine glaciers are polished or striated ; and this leads 
him to ask, in query 0, whether the base of the Greenland ice-sheet be capable of 
holding^stones firmly fixed in its grasp. He states reasons for doubting this ; and 
after referring to the paucity of uniformly striated small stones among the mountains 
of the Lake-district and Wales, which once must have been covered with an ice- 
sheet or ice-sheets, compared with the abundance of regularly glaciated small 
stones in the boulder-clay of the neighbouring plains, he proceeds to consider the 
geolorical action of iceberg’s, and believes that they carry more rocky dt^bris in 
their case than on their surface. In query 10 he considers whether grounding ice- 
bergs can give a rounded form to submarine rocks, or glaciate downhill ; and 
states reasons for believing that they can do so to a certain extent, but that dome- 
shaped roches moutonnies have been principally formed by land-ice. He sees no 
reason for doubting that revolving icebergs are capable of scooping out hollows in 
the rocky bottom of the sea, and thinks tnat lake- basins on the rocky summits of 
hills, or on watersheds, may have been produced in this way. He then gives 
reasons for supposing that the drift-knolls called eshei's, wliere their forms are very 
abrupt, may have been partly formed by eddying currents or waves generated or 
intensified by ice-movements, which sometimes will set the sea in motion as much 
as sixteen miles off. 

The principal and most original part of the paper is on the subject oi coast-ice. 
The author brings forward a mass of testimony, accompanied by considerations 
which tend to show that floating coast-ice is the principal transporter and glaciator 
'£|f stones, and that the uniformly striated stones found in the boulder-clay of the 
^ains were both glaciated and transported by coast-ice. He enters minutely into 
a consideration of how stones, previously more or less rounded, became flattened 
and uniformly grooved on one, two, or more sides, the grooves on each side varying 
in their directions. He believes that many of the stones found in the boulder-clay 
of Cheshire must have been fre(juently dropped and again picked up by coast-ice 
during the passage from their original positions. 


On certain Isolated Areas of Mountain-Limestone at Luckmgton and Vohster. 
By J* M^Murtrie, F.G.E. 

In a few introductory remarks the writer described the general structure of the 
Oarhoniferous rocks of Somersetshire, together with their reSition to the older rocks 
on which they rest, and the secondary formations by which they are overlaid. He 



TRANSACTIONS OP THE SECTIONS. 


77 


then proceeded to point out three remarkable outliers of Mountain-limestone occur- 
ring at Luckington and Vobster immediately to the north of the Mendip Hills, 
which, owing to their abnormal position, had long been the subject of curious 
speculation, and concerning which different authors had arrived at very opposite 
conclusions. The dimensions and situation of these limestone masses were de- 
scribed in detail. The largest of the three occurred at Upper Vobster, and mea- 
sured 1150 yards in leng-th by 800 yards in breadth ; another at Luckington was 
450 yards in length by 120 yards in breadth ; while a third, called the Tor Kock, 
was of smaller dimensions. They were completely surrounded by Coal-measures, 
and occurred at a distance of from 1800 to 1900 yards from the principal outcrop 
of limestone in the Mendip range. 

The writer then proceeded to explain the views of other writers on the subject, 
which may be classed under three heads : — First, the original fault theory ot Dr. 
Buckland and the Geological Survey ; second, the combined fault and anticlinal 
theory of Mi\ H. B. Woodward; and third, the overthrow theory of Messrs. 
Greenwell, Moore, and others. As to the first two theories, he said the workings 
of adjacent collieries had failed to show any proof of their existence. He then 
proceeded to prove that the limestones in question were superficial masses of no 
great thickness, and that they did not extend downwards to connect with the 
great underlying mass of Mountain-limestone, for the workings of several mines 
and one or two wells had proved the existence of Coal-measures beneath them at a 
comparatively shallow depth. 

lie expressed his belief in the theory that, during the upheaval of the Mendipa 
and the inversion and crunipling-up of coal-strata which accompanied it, the 
limestone masses of Luckington and Vobster were in some way carried over from 
the Mendip range, and so rested upon the Coal-measures instead of lying far be- 
neath them. The paper was explained by numerous diagrams and sections, the 
latter showing that the JNIendips had originally attained a much higher elevation, 
and that the limestone strata removed by denudation were probably more nearly 
vertical than those which remain, if indeed the beds were not partially folded over 
in the same way as the Coal-measures. 


On the Age of the DurdJiam Down Deposit, yielding Thecodontosaurus 
By Charles Moore, F,0.S. 

About foriy years ago some conglomerates were opened up apparently resting on 
the Carboniferous Limestone of Durdham Down, in which were found scattered 
reptilian remains, described by Messrs. Riley and Stutchbuiy under the names 
Thecodontosaurus and Fal<cosaurus. They were then supnosea to be of Permian 
age, but are now referred to the Magnesian Limestone. Tlie author believed them 
to be still more recent, and that they belonged to the Rheetic period. 

In support of this conclusion he referred to a paper by himself published in the 
‘ Geological Journal ’ for 1807 *, in which he showed that over a large area in the 
Mendip district the Carboniferous Limestones had formed the floor of the seas of 
more recent geological epochs, and, having become fissured, those fissures had 
been filled with the organic and other contents of more recent periods, these being 
shown to be as wide apart as from Rhaetic to Liassic times. In veins of the former 
age he had found a fauna of gi*eat interest, including the reptilia Thecodontosaurus 
and Pakeosaurus, found only before at Durdham Down, and amongst the fish- 
remains numerous examples of Saurichthys apicalis and Acrodus minimus. 

The author then showed that precisely similar physical, mineralogical, and 
palaeontological conditions were to be found on the tableland of Durdham Down, 
where numerous veins, one of them 18 feet in thickness, traversed the Carboniferous 
Limestone. One of these, near the Zoological Gardens, was proved to be of the 
ago of the Lower Lias — Ammonites, Echini, Foraminifera, and other remains of 
that age being exhibited by the author taken from between the walls of the Car- 
boniferous Limestone 30 feet from the surface. In another vein near the Suspension 

♦ “ On Abnormal Conditions of Secondary Deposits &c. when connected with the Sc- 
mersetshire and South Wales Coal-basin.” 
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Bridge he had found numerous scattered hsh-^remains of Bhsetio age, including 
S&uriohthyB and Aorodusj mentioned aboTe, found also with the Theoo^ntosauru^ 
and Palmosaurm on the Mendips j and he could therefore come to no other conolu- 
eion than that the deposits were equiralents in time, and that the Durdham Down 
reptilia must be referred to the Bhsetic age rather than to the Magnesian Limestone. 


On the Distribution of Flint in (he GhaVc of Yorkshire. By J. B. Mortimer. 


On Azygograptus, a new Genus of Graptolites from the SMddctw Slates* By 
H. Alletkb Nicholsok, AT.B., D./bV., FM*S.E., Professor of Natural 
liistory in the University of St. Andrews. 

In this communication the author recorded a new and remarkable genus of 
Gnmtolites from the Skiddaw Slates, founded upon specimens obtained by Mr. W. 
B. Dover. To this genus the name of Azygograptm was given ; and in describing 
it the author associated Mr. Lapworth with himself, as he was greatly indebted to 
that gentleman for assistance in working out its true affinities. 

The polypary in Azygograptus is simple and unilateral, consisting of a single 
monoprioniaian stipe, which is developed from the central portion of the ‘^sicula ’’ 
on one side. The cellules are slightly overlapping. 

This genus seems to be intermediate in its characters between the Nemagraptidm 
and the true Monograptidro, no member of the latter family having as yet been 
found in strata as cud as the Skiddaw Slates. With the Monograpti the present 
genus agrees in the fact that the polypary consists of a single unicellular stipe ; 
but it differs altogether from these in its mode of development, the celluliferous 
stipe springing directly from one side of the sicula about its centre. In this im- 
portant character Azygograptus agrees with no other known Graptolites than Ac- 
magraptuSf Emmons, and Coenoaraptus, Hall, both of these, however, including 
bilaterally developed forms. The cellules of Azygograptus are essentially of the 
type of Monograptus Nihsoni^ Barr., and in this respect the genus is connected in- 
dinerently with either the Monograptidce or the Nemagraptidie. 

The only known species of the genus was described under the name of Azygo- 
graptus Lapworthi. It is a slender form, about an inch in length as a rule, and 
hitherto obtained bv Mr. Dover only in the Lower Skiddaw Slates of Jlodgson- 
How Quarry, near Portinscale. It is very readily recognized, even in small frng- 
nients, by the unique appearance presented, by the triangular sicula standing nearly 
at right angles to the slender celluliferous stipe. The fact also that the stipe 
originates from the centre of the sicula, below its broader end, gives it a most 
characteristic appearance, and prevents its being confounded with a broken Didg^- 
mograptus. 

On the Central Group of the Silurian Series of the North of England. By 
H. Alleyne Nicholsok, M.D., D.Sc., F.E.SK, Professor of Natural History 
in the University of St. Andrews^ and Charles Lapworth, F.G.S. 

In this communication the authors record the results of their investigation of the 
central series of Silurian deposits which intervene between the Bwrowdale series 
of volcanic rocks Green Slates and PoiphyrieB”) on the one hand, and the Coiiis- 
ton Flags on the other. They conclude that the series in question may bo naturally 
grouped as follows, in ascending order: — » 

A. The CoNisTON Limestone series, composed of 

a. The Hufion Shaks* 

b. The Cmiston Lintedone* 

c. The Trinmltm Shaksi 

B. The OoNiBTON Miidstone series, composed of 

a. The SkelgiU Beds* 

b. The Knock Beds, 
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The Duflon Shales kpq shown to constitute a mass of fossiliferous shales under* 
lying the Cmistm Limestone^ without the intervention of any igneous rock of con- 
temporaneous origin. They pass upwards into the limestone, and are about 
800 feet thick under the Pennine chain, but thin out in proceeding westwards. 
The Conkton Limestone is the only constant member of its series, and the ISinttolens 
Shales form a local group developed above it in the Sedbergh district. The entire 
Coniston Limestone series is shown to be identical with the limestones of Kildare 
and Pomeroy in Ireland and Girvan in Scotland. 

The Coniston Mudstone series is divided into two distinct groups, the Skelgill 
Beds and the Knock Beds. The name of Skelgill Beds is given by the authors to a 
group of black graptolitic mudstones and shales, which seem rarely or never to 
exceed 00 feet in thickness, and which are found almost everywhere above the 
Coniston Limestone. These beds are replete with Graptolites belonging to an ex- 
ceedingly well-marked group of forms, which can be precisely paralleled with the 
species characteristic of the highest beds of the Moffat series of the south of Scot- 
land (Birhhill Beds). Similar Graptolites occur in certain black beds which occupy 
a similar position on the shores of Belfast Lough and elsewhere in Ireland. 

The Knock Beds form a small but exceedingly well-marked group of rocks, which 
are typically developed near the village of Knock in Westmoreland, but are found 
everywhere surmounting the Skelgill graptolitic beds. They consist mainly of 
green and purple shales and grits, and have yielded two ^ecies of Graptolites, viz. 
Monograptus priodon and M, Broughtonensis^ n. sp. Ime authors consider the 
Knock Beds to be the diminutive representative of the Gala and Hawick Beds of 
the south of Scotland. They conclude, further, that the entire Coniston Mudstone 
series is to be regarded as belonging to the Middle Silurian period — that is, to the 
period in which the Lower and Upper Llandovery and the Tarnnnon Shales of 
“ Silurin ” were laid down. 

Finally, the authors conclude that the true Coniston Flags are to be entirely 
separated from the Coniston Mudstone series. They parallel the Coniston Flags 
with the Denbighshire Flags of North Wales and the Bahnue and liicrarton Beds 
of the south of Scotland, and they regard them as forming the true base of the 
Upjwr Silurian series. 


TliC Cause of the Glacial Period, with reference to the British Isles*, 

By Chahles Ricketts, M.D., F.G.S. 

Some who consider that the Glacial Period was dependent on extreme cold caused 
by the winters occurring when the earth was in aphelion, with a greatly increased 
eccentricity of its orbit, have deduced inferences which do not appear to^ accord 
with present physical conditions. With great glacier systems, such as existed in 
North America and in Europe, the air would have had almost the whole of its 
moisture condensed out of it oy the cold long before it reached the Arctic circle ; 
conse(j[uently glaciers could not have existed on the water-slope of the land sur- 
rounding the Arctic Ocean any more than they do now ; and, so far from an ice- 
cap” covering the Arctic regions, there would not have been sufficient moisture 
left to form in it ic&-floes so great or extensive as at present. 

The increased accumulation of snow now taking place in Greenland is accom- 
panied by subsidence of the land, whilst elevation is at the same time rapidly 
occurring in Norway and Spitzbergen; it is therefore not requisite to attnhute 
*Hhe invariable occurrence or submergence along with glaciation to change in the 
centre of gravity of the earth.” The cause of the present subsidence of Greenland, 
as well as that in Britain during the Glacial Period, was ascribed to the effect 
which an inci’eased weight of snow would have in forcing downwards the crust of 
the earth into its fluid substratum (see Geol. Mag. vol. ix. p. 119). 

Previous to the Glacial Period tne Gulf of Mexico extended as far north as the 
junction of the Mississippi and the Ohio, Florida was submerged, and an extensive 
Delt of land on the east coast of the United States was covered by a sea having a 
tropical temperature. Such alterations in the coast-lines must have induced a 

* Printed in sxtenso in the * Geological Magazine ’ for December 1875. 
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condition of climate nearly approaching, if not similar to, that which is indicated 
by the beds of plant-remains found in Greenlnud, Iceland, and Spitzbergen. 

Dr. Carpenter has demonstrated that the north-polar set ” or current (commonly 
called the north-east branch of the Gulf-stream) is dependent on diminution of 
temperature in the Polar regions, causing displacement by sinking of the surface 
sea-water rendered denser by cooling and the consequent influx of lig;hter, that is 
warmer, water to supply its place. Increased severity of the winter in the north 
would therefore augment the volume and velocity of this current, and, cceteris 
paribuSy thus render milder that of Britain. This appears to be in accordance with 
the persistent increase of cold in Greenland and Iceland simultaneously with 
recession of the glaciers in Norway and the occiin’ence of milder winters in Britain^ 
and also with changes which occasionally take place of a more temporary character, 
as the occurrence of winters in America of exceptional severity, whilst the same 
seasons were remarkable for their mildness on the eastern shores of the Atlantic; 
and vice versa. 

Not only has the Gulf of Mexico extended far up the valley of the Mississippi, 
but a former depression of the land has occurred m the West-Indian Islands, to 
2000 feet and even to 5000 feet ; raised sea-beaches occm* on the west coast in 
Oalifomia ,* and the Gulf of California is but an extension of the Colorado river, 
which has been submerged. Subsidence to so great an extent on each side would 
in all probability afiecl tlie isthmus in a similar manner. If such a depression took 
place in certain areas to the extent respectively of 1 84 and 800 feet only, it would 
enable the waters of the Atlantic to flow into the Pacifle Ocean. The fauna have 
been considered to afford indications of a former intercommunication of the two 
oceans by the identity or similarity of many of the Mollusca (Mr. P. P. Carpenter, 
Brit. Assoc. Deport, 1840) and also of the Echinodermata f Depths of the Sea,’ 
p. 14) on each side. It is thus more than probable that a passage tor the equatorial 
current has been afforded at Panama and Nicaragua. If it occurred to a consider- 
able extent, the north-polar current would have had no higher temperature than 
that which it could derive from the temperate zone. Such a removal of the Gulf- 
stream is by most, if not all, considered sufficient to reduce the temperature so as 
to cause the formation of glaciers in Britain ; but though the intense cold would 
condense the atmospheric moisluie so as to cause extensive ice-floes between 
Greenland and Norway, there would have been but little remaining to be precipi- 
tated in the Arctic Ocean. 

It was contended that the succession of Glacial Periods, having intervening 
times characterized hy a mild or even genial climate, as demonstrated by Mr. James 
Geikie, mijjht have been caused by successive depressions aud upheavals of the 
Isthmus ql Central America. To obtain positive proof of this supposed change in 
the direction of the equatorial current, it is requisite that investigations with this 
object in view he made in Nicaragua and other parts of Central America. 


On certain large Bones in Bhoeik Beds at Anst Cliffy near Brisiot 
By William Sanpers, F.B.8, 

' In the year 1844 a large cylindrical bone was found on the shore at Aust bv 
Mr. Edmund Higgins, from whom it was subsequently purchased for the Bristol 
Museum. It measures about 15 inches in length and about 17 inches in circum- 
ference. About four years later Mr. Alexander Thompson, residing near Aberdeen, 
found the largest of the bones, and generously presented it to the Museum. This 
is about 25 inches in length, and about equal to the other in circumference, that is, 
about 17 inches. A third bone, the smallest of the three, was found a few years 
ago, with a large vertebra, closely adjoining the thick << bone-bed j ” it is 8 inches 
long, with a circumference of 15 inches. 

Neither of these pieces had retained its terminations ; they were therefore incom- 
plete fragments. The two larger concurred in having a long furrow, apparently 
adapted to receive an artery or vein; and the late Mr. Samuel Stiitchbuir, who 
was then Curator of the Museum, observed that an analogous furrow passed along 
the femur of the frog, and suggested that these bones might have iMonged to 
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fiom6 huge Batrachian allied to the Labyrinthodon. A few years ago Professor 
Huxley saw the bones, and remarked that Mr. Stutchbury’s determination could 
not possibly be coiTect. 

Subsequently I took them to Oxfoi’d, so that they might be examined by my 
late estimable friend Professor Phillips. He immediately brought into comparison 
with the large bone the femur of a Megahsaums. It was observed that the femur, 
as well as the bone in question, was covered with minute longitudinal indentations ; 
also that these changed their courno on approaching the process of the lesser 
trochanter. Now on the large bone there was a slight protuberance, and the longi- 
tudinal markings changed their direction on approaching it. If, then, this small 
protuberance were the remains of a larger one constituting a lesser trochanter, the 
resemblance between the bone in question and the femur of the Megdosaurm would 
become very insignificant. The great difference would consist in their relative 
dimensions, the circumference of the femur being about 13 inches, while that of the 
bone is about 17 inches. 

Now it might be supposed that I should venture on the conjoctime that we have 
before us the remains of a very large species of Megalosanrus ] but I refrain from 
this because there is a striking difference in one respect between the two limbs that 
have been thus compared. Phillips save the femur is, or appears to be, internally 
hollow.’^ It will De seen that the Ivhoetic bones arc, on the contrary, solid 
throughout. 

I do not know of anj^ other definite character requiring notice. My object is to 
draw attention to these remarkable remains, so that if any explorer of Rhaetic 
strata should find in an}^ other locality large bones of mysterious character, he 
may remember these, and bring his discovery into comparison with the bones 
of the Bristol Museum. 


On Auriferous Limestone at Walton, 

By W. W. Stoddart, F.CB,, F.GB., 4'c, 

Mr. fitoddart described the unusual occurrence of the presence of gold and silver 
which Mr. Pass and he had discovered in a sample ot Carboniferous Limestone 
taken from a quarry in the neighbourhood of Olevedon. The limestone contains 
more than 94 per cent, of carbonate of lime, and is sufficiently pure to be used in 
the manufacture of glass, the principal impurity being oxide o^ iron. The author 
remarked the absence of sulphur and silica which so often accompany gold deposits, 
but which in the present case were absent. The analysis of the dried limestone 
gave the following : — 

Aluminium '8777 

Ferric oxide 4'8000 

Calcic carbonate 94'3000 

Silica '0200 

Silver *0023 

Gold a trace 


lOO'OOOO 

In order to corroborate the results of the analyses which they had made, samples 
were sent to Mr. J. P. Meny, a well-known assayer at Swansea, who completely 
verified the fact of there being gold and silver present in the limestone. Although 
the quantity of these metals is exceedingly small, yet the fact of their occurrence 
in carboniferous limestone at all is exceedingly interesting and unusual. The 
amount of silver present in the limestone varies in different samples, one sample 
containing 94 grains per ton, while another contains nearly an ounce. The quantity 
of gold present varies from 3 to 5 giains per ton. The limestone is granular, and, 
when magnified, shows a great number oi specks of oxide of iron j the presence of 
pyrites was carefully looked for, but none could be detected. It is very difficult to 
account for the origin of these metals ; in the part of the qnanr from which the 
samples were taken the limestone appeared much weathered, ana darker in colour 
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than the rest of the beds ; yet no line of demarcation could be discovered which 
separated it from the other strata, as would have been the case had there been an 
intrusion of foreign matter; the other parts of the quarrj appeared thi’oughout 
tolerably uniform. The specimens of the metals and the limestone in liferent 
states were placed before the members of the Section. 


On Changes of Climate during the Glacial Periods 
By the Bev. W. 8 . Symonds, F, 0.8, 


On the Age of the Cannington-Parh Limestone ^ and its Relation to Coal- 
measures South of the Mendijos, By E. B. Tawkey, 

After noticing earlier opinions which gave a Devonian age to the limestone, the 
views of Mr. Baker were cited as the hrst expressed on the Carboniferous aide. 
The latter origin was upheld by Mr. S. G. Perceval’s determination of the corals 
in the Taunton Museum. The present author had found lAthostrotion irregulare 
in sitUf which was held to be conclusive as to its Carboniferous age. The occun’ence 
of Triassic veins intersecting the limestone was noticed. Theoretically the Carbo- 
niferous age makes more probable the existence of productive Coal-measures under 
the Somersetshire flats. _______ 


Disoovemf of a Submerged Forest in the Estuary of the Orwell, 

By J. E. Taylok. 

The author stated that his attention had been drawn to some peaty material 
which came from the bed of the river Orwell during the excavation of a new 
channel. Further investigation proved it to be 9 feet in thickness, full of recum- 
bent trees, such as dwarf oak, pine, alder, &c., the lower part resting on a marl 
of freshwater shells &c., underneath which was the solid chalk. The peat-bed was 
buried beneath 0 or 8 feet of black river-mud. A series of thirteen excavations 
and dredgings conducted last November proved that the submerged forest extended 
for seven or eight miles. The peat-bed on an average was about 9 feet (in some 
places 14 feet) below low- water neap-tides. The tide rose 12 to 14 feet, and 
therefore, even if the old forest had grown at the sea-level, it must have stood about 
30 feet higher than we now find. Mr. Taylor then referred to other post-glacial 
forest beds along the eastern coast, and expressed his belief that they represented 
the last stage of the continental condition of England before the depression took 
place which brought the North Sea over the low-lying plains, and so formed the 
present German Ocean. Some fine perfect teeth of the Mammoth (JSlephas primt- 
genius) were found in the Orwell forest**bed and exhibited. 


I^otes on the Soutk-African Diamonds. By Professor J. Tennant, F.G.S. 

The first diamond was found in March 1807, and was pronounced by Dr. W. G. 
Atherstone to be genuine. 

The number and quality of diamonds from the Cape are equal to those from the 
Brazils, which have chiefly supplied Europe during the last eighty years. 

About 10 per cent, of the Cape diamonds may be taken as those of the first 
quality, 15 per cent, of the second, 20 per cent, of the third ; the remainder, under 
the name or bortf are employed for cutting diamonds, and for the numerous appli- 
cations to which this valuable substance is applied on the part of the glazier, the 
engineer for drilling rocks, the lapidary, and others. Many mamonds contain specks 
and cavities ; these are placed in the hrads of skDled workmen who are acquainted 
with the cleavage, and by careful manipulation they often get out portions of the 
first (quality for making small “brilliants,” “roses,” and “l^les.” 

It 18 estimated that the value of the diamonds found at the Cape, from March 
1867 to the present time, exceeds twelve millions of pounds sterling. 
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On a new Genus of Buyous Corah from the Mountain-Limestone of ScotlancL 
By James Thomson, F,G,S* 

The author stated that this genus was closely allied to Dana’s genus CUmo-^ 
phyUum. It, however, differed from that genus, not only in its external aspect, 
but also very materially in the internal structure. He briefly described the cha- 
racteristics by which the genus Climophyllum can be distinguished, viz. that there 
was always a conical boss in the centre of the calice, and that in the centre of the 
corallum there was always a columellarian line, which passed from the apex of the 
boss down the centre of the corallum, and terminated at the inferior extremity ; 
and that there were lamelloB which passed from the inner margin of the primary 
septa into the columella in the centre of the calice, and that they were united by 
convex endothecal dissepiments, convexity upwards and outwards. 

The genus he proposed to establish can readily be distinguished from Clissio- 
l^hyllum^ not only externally, but also from the internal structure. The boss in the 
centre of the calice never assumes a conical aspect, and is only slightly raised above 
the inner margin of the primary septa, and is divided in two by a strong middle 
ridge, from which the author derives the generic name. He is confident that the 
structure of the central portion of the oordlum is more characteristic for generic 
distinction than any other part. We cannot, however, rely alone on that or any 
other part of the corallum for either generic or speciffc distinction. If it is taken, 
however, in conjunction ^vith the other parts of the internal structure, it will enable 
us to readily decide as to what group the form ought to be classified with for 
diagnostic purposes. 

Dibunophyllum, gen. nov., Thomson. 

Gmeric Characters. Corallum simple, cylindro-conical, tall in some forms, wliilst 
in others it is short and more or less turbinate and marked with irregular nocre- 
tion-ridges. Calice moderately deep, thin around the margin in some forms, 
whilst in others it is everted. Septa thin, with lamina) for fully half their length 
from the inner margin, wherein they become flexuous. Columellarian boss slightly 
raised above the inner margin of the primary septa, with a prominent middle ndge, 
which, in a transverse section, is seen to be formed of convex ondotbechl ^ssepl- 
ments, convexity outwards. The outer area is formed of lamellae, which pass from 
the inner margin of the primary septa to the convex dissepiments of the median 
ridge. 

A vertical section shows that the central area is dissimilar from the genus Clis- 
siophyllum. Instead of a columellarian lino in the centre of the corallum, as in the 
latter genus, there is a system of convex dissepiments, which converge to the centre, 
convexity outwards anJ upwards ,* whilst in other forma there are several vertical 
plates passing down the centre of the corallum, and each are united by concave 
endothecal dissepiments. Fossula with small septa in it. 

This genus is established for the reception of a group of corals that the author 
discovered many years ago in Ponneil Water, five miles south of Lesmahagow, 
Lanarkshire. He has subsequently found them in several localities in the central 
valley of Scotland, details of which will be given hereafter, when the specific cha- 
racteristics will be described in detail. 


On the Occurrence of a Lower Boulder-clay or Till with ShellSf in the Counties 
of Down and Mayo^ Irelands By William A. Teaill, M,AJ, {Master in 
Engineering)^ H.M, Geological Survey of Ireland* 

The author, in introducing his subject, briefly reviewed the divisions of the Drift 
series, especially so far as they related to the occurrence of shells in the lower boulder- 
clay, which he had met witu in seveml localities in Ireland, and hoped that such 
places, and the mode of occurrence of such, would be carefully examined and noted, 
as only a few instances of these shelly drifts in Ireland had been recorded. 

After long examination in the county Down, he was fortunate enough to find 
some shells in the undoubted lower bOlllder-clKy in four localities adjacent to the 
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Kilkeel and Whitewater rivers. This district, lying to the S.E, of the Moiirne 
Mountains, across which the ice-flow came from the N.N.W. and N.W., though 
obstructed and deflected, yet passing over elevations of at least 2000 feet, is covered 
by deep accumulations of drift, excellent sections of which are. exposed in the river 
and sea-escarpments, some up to 120 feet in thickness. In these were seen the 
lower boulder-clay, or genuine till, resting on the denuded and often glaciated 
surfaces of the Silurian rocks, with subangular, rounded, and ice-scratched blocks 
firmly imbedded in a brownish clay, the lowest portion being chiefly a blue clay, 
and containing shells, mostly fragmental, those identified being Tnrritclla com- 
munis, Bmdnum undatum, Leda rostrata. Overlying this boulder-clay in the above 
cases, and aa illustrated in diagrams, were the interglacial sands and gravels,” 
mostly horizontally bedded, and often forming extensive flat-land surfaces. Over- 
lying these in places were accumulations of irregularly bedded gravels. 

In the county Mayo, near Ballycastle, a section in the Glenulra river, 120 feet 
in depth, showed on top irregularly bedded coarse gi’avels for 25 feet, then evenly 
bedded fine gravels and sands for 30 feet, containing shell fragments, Ixilow w’hich, 
though graduating from it, was some 50 feet of lower boulder-clay, the lowest part 
being a stiff plastic blue clay ; in these, especially in the latter, the shell fragments 
were very abundant. In several localities adjacent, particularly in the stream 
Fiddawntawnanauneen, the specimens obtained were both numerous and very per- 
fect; those identified were Tetlma proxima, Cyprina islandica, and a Balanm. The 
author, without wishing to theorize on these deposits, wished only to add a few 
facts to the general store of knowledge regarding our drift deposits. 


On a of Travertine or Calcareous Tuff, called The Glen liochf near 

Ballycastle, County Mayo, Ireland. By William A. Tkaill, M.A.L 

{Master in Engineering), F.B.G.S.I., H.M. Geological Survey of Ireland, 

The district in which this rock occurs is situated on the northern shore of the 
county Mayo, the rocks of the country consisting of Carboniferous sandstones and 
limestones, viz. white, brown, yellow, and red sandstones, with bands of shales, 
and pure and impure limestones, mostly inclined at low angles E.N.E. In that 
distnet several stalactite formations and deposits of carbonate of lime occur, the 
largest being The Glen Eock,” about two miles from Ballycastle, a mass of 
calcareous tuff and travertine resting on the eastern flanks of the valley along which 
the limestone beds crop out, approximately of the following dimensions : — length 
N. and S. 310 feet, E. and W. 285 feet, and in depth or thickness from 0 to 80 
feet. The mass is irregular, and in cubic contents about 2,100,000 cubic feet. Tlie 
tuff varies from a soft porous nature to a hard ringing travertine, and is composed 
chiefly of the casts or incrusted forms of diverse vegetations, of brambles, ferns, 
grasses, and ivy, &c., and containing the bones of birds and small animals, and 
shells of land-snails, &c. The origin of this large mass must be attributed to a 
large spring or “ Holy Well,” situated a little above on the slope of tlie hill. The 
water, by its passage through the limestone rock, becoming nighly impregnated 
with lime, and by flowing over the vegetation on the slopes, nas encased and 
cemented them together, and produced a much more vigorous growth, thus more 
rapidly building up this isolated mass of tuff, which stands out as a striking feature 
throughout the valley— the age of this mass being, of course, quite recent, after 
the present configuration of the country had been formed. There are evidences, 
however, that it has not increased in thickness for the last 800 years, as foundations 
of that age stiU exist on its highest summit ; but now it seems to be rather break- 
ing up under its own superimposed weight. 

For upwards of twenty years a school was held in a natural cave in this iMck, 
enlarged for the accommodation of sixty scholars, but which was closed in 
the year 1815. Since then the roof has subsided, filling it up for the most 
part Various traditions connected with this rock were also noted, and specimens 
exhibited* 
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Note on the Reptilian Remaim from the Dolomitie Conglomerate on Durdham 
Down. By Dr. Thomas Wright, F.R,S,E. 

The author ulaced on the table the original specimens of Thecodontomums and 
Palaosaurus obtained from the dolomitie conglomerate of Durdham Down, and 
described by Dr. Riley and Mr. Stutchbury in the Geological Transactions, 1836. 
The author briefly described the principal characters of these remains, especially 
thejawj teeth, vertebrae, and bones of the limbs, and which were all flrmly im- 
bedded m the conglomerate rock. He said the object he had in view in bringing 
this subject before the Section was to obtain an authoritative expression of opinion 
from the local geologists present as to the age of the conglomerate containing these 
Dinosaurian remains, as a doubt had been cast on the usually received opinion of 
the age of this formation in the late discussion which had taken place on the 
Avicula contorta or Wieeiic beds. Mr. W. Sanders, whilst objecting to the term 
“dolomitie conglomerate,” had nevertheless stated his conviction that the conglo- 
merate formed part of the New Red Sandstone or Triassic series, and as such he 
had placed it in his geological map of the district. Mr. W. W. Stoddart, who 
admitted the conglomerate to be of Irias age, stated that he had analyzed the rock, 
and found it to be for the most part a double carbonate of magnesia and lime, and 
that it contained minerals found only in the Triassic rocks. Mr. Etheridge was 
also cited by the author as giving affirmative testimony to the same opinion ; he 
therefore held that, with the evidence adduced, there could be no doubt that 
the dolomitie conglomerate was of Triassic age, and that the bones exhibited 
belonged to Dinosaurian reptiles of that period. This conglomerate rock was alto- 
gether different from the Liassic and other debris, rolled and rounded, that filled 
fissures in the Carboniferous limestone, of which they heard so much on a pre- 
vious occasion. This conglomerate had been likened by one of the speakers in the 
Avicula-contorta debate to the matrix of these fissures ; but the expression of opinion 
given to-day on this subject, he hoped, would remove the doubt that had been cast 
upon this point, and settle the question of the age of the dolomitie conglomerate, 
which was, he believed, a formation of the Triassic period. 


BIOLOGY. 

Address by P. L. Sclater, M.A,, Ph,D., F,R,S,, FJj.S.t President of the 

Section. 

In the office, wliich I have now held for more than sixteen years, of Secretary to 
the Zoological Society of London, I have been not unfrequently requested by our 
Members and Correspondents in various parts of the world to furnish them with 
information as to the best works to be consulted on the Zoology of the countries 
in which they are resident, or which they are about to visit. With the well- 
furnished Library of the Zoological Society at my command this is not usually a 
very difficult task, so far as publications are actually in existence to supply the 
desired information. I am also frequently asked to point out the principal defici- 
encies in our knowledge of the animals of particular countries. This is also a not 
very difficult request to comply with, although it is somewhat embarrassing on ac- 
count of the very imperfect information which we still possess of geographical zoology 
generally, and the largeness of the claims I amtheremre constrained to put forward 
for the attention of those who make such inquiries. Great, however, has been the 
progress made of late years towards a more complete knowledge of the fimnas of 
the various parts of the earth’s surface. Expeditions have been sent out into 
countries not previously explored ; collections have been formed in districts hitherto 
little known ; and many general works have been published combining the results 
of previous fragmentary knowledge on this class of subjects. Under these circum- 
stances I have thought that such an account as 1 might be able to give of the 
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gei^al progress that has beeu re^iently made towards a better koowledge of ttie 
zoology of the various parts of the earth’s surface, accompanied by a series of 
remarks upon the best available authorities to be consulted upon sucdi subjects, 
might supply a want which, as above mentioned, I know, by personal experience, is 
often felt, and at the same time would fi^rm a not inappropriate address from the 
chair which I have now the honour to occupy. 

I must premise, however, that my observations must be restricted mainly to the 
terrestrial members of the Subkingdcm Vertebrata. To review the recent progress of 
our knowledge of the various sections of invertebrate animals in different countries 
would be beyond my powers, and would inordinately enlarge my subject. Besides, 
it is oertidn that the higher classes of animals have occupied the principal attention 
of recent writers on geographical zoology, and it is with the distribution of these 
classes that we are best acquainted. 

Taking therefore in succession the seven great llegions into which the earth’s 
aurface may be most conveniently divided for zoological purposes, I will endeavour 
to point out our present leading authorities on the Mammals, Birds, Reptiles, Batra- 
chians, and Rishes of each of them and their main constituent parts. At the same 
time I will endeavour to indicate the principal deficiencies in our knowledge of 
these subjects, and may perhaps he able to add a few suggestions as to how some 
of these aeficiencies might be test overcome. 

In these remarks I will take the divisions of the earth’s surface in the same order 
as I have generally uaed in my lectures on zoological geography *, namely ; — 

I. Palaearctic Region ") 

IT. Ethiopian Rewon | 

Ila. Lemurian Subregion ^ Arctogm. 

III. Indian Region j 

IV. Nearctic Region J 

V, Neotropical llegion | ? 

V«. Antilles Subregion | 

VI. Australian Region , .Antarciogcnt. 

VII. Pacific Region Omithoycea. 

I. THE PAL^AROTIC REGION, 

The Palaearctic Region I shall consider for convenience’ sake in the following 
seven subregions : — 

1. The C%8atla7itean Suhregion, embracing all that part of the Polsearctic Region 
lying south of the Mediterranean Sea, 

1«. The AUant'ic Islands, 

2. The Buropean Subregion. 

3. The Siberian Subregion j embracing the whole of Nortbern Asia. 

4. The Mantchwian Subregion^ containing Northern China and the adjoining 
part of Mongolia. 

fi. The Japanese Subregiotij embracing the Japanese Islands. 

0. The Tartarian Subregion^ containing the great desert-region of Central Asia. 

7, The Persian Subregion, embracing Persia, Asia Minor, and Syria. 

1. The Oisatlantean SrBnjjGHoif, 

Aa regards the zoology of the main western portion of this district (Tunis and 
.Algeria) our knowle^e may now be said to he pretty tar advanced. The standard 
work on the su^*ect is the ^Exploration Sden^hque de 1’ Algeria’ (I), published 
by the French Government, in which are tre^ises on the Mammals and Birds of 
Algeria by Loche, and on the Reptiles and Fishes by Guichenot. This work was 
commenced in parts in IB40; and the portions relating to the Mammals and 
Bi^s were, I believe, intend^ to be written by M. Vaillant, the artist of the 
Commission ; hut only the plates were issued ,• and the text, by Captain Roche, was 
not completed until 1867. A smaller and more convenient work for travellers is 

^ See^SolenM Rectures for the People,* Sizth Series, 1874, No. 5, e^fKe Qeogra^ieal 
Bishributbuoflfamiiiak By P. L. MaiieliMter: H^ood, 1874. 
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tile last-named author’s catalogue of the Mammals and Birds of Algeria (2) pub- 
lished in 1858 j whilst upon the Freshwater Fishes, Oervais’s article in the 
* Oomptes Rendus ’ for 1806 (3), and the memoir of Messrs. Playfair and Letoumeux 
in the ^Annals ' for 1871 (4), may be profitably consulted. 

As regards the Herpetology of Algeria, an excellent memoir on this subject, 
by Dr. Alexander Strauch, will be found in the fourth volume of the new me- 
moirs of the Academy of St. Petersburg (5). Those who penetrate beyond the Atlas 
will find many references to the vertebrated animals of that district appended to 
Canon Tristram’s ‘ Great Sahara ’ (0). Many interesting details about the birds of 
Tunis and Algeria will likewise be found in the papers communicated to ^ The Ibis/ 
by Messrs. Salvin (7), Tristram (8), and J. H. Gurney, jun. (9j. 

Of Morocco and the extreme western portion of the Atlas our knowledge is as yet 
by no means so perfect. As regards the Birds of Tangier and its vicinity we have 
Colonel Irby’s lately published volume on the Ornithology of the Straits of Gibraltar 
( 10), in which the “ observations on the Moorish Birds are in a great measm’e culled 
from the MSS. of the late M. Favier-^a collector long resident in Tangier.” But 
in the south of Morocco, in the Western Atlas, and surrounding district there is 
certainly a considerable terra inco(j)dta within easy reach of England, which has 
hitherto been almost inaccessible to naturalists, though the short expedition of 
Dr. Hooker, Mr Maw, and Mr. Ball in 1871 (of which a notice only has been 
published (11); hut a complete scientific account is, I believe, in preparation) shows 
that it may be penetrated if proper precautions are taken. 


1«. The Atlantic Islands. 

The Atlantean Island-groups of the Canaries, Madeira, and the Azores may 
perhaps be most naturally appended to this division of the Palmarctic Region. 
Our knowledge of the fauna of each of those three groups is tolerable, although 
there is of course much to be done in working up details. As regards the Canaries, 
the standard work is Wehb and Berthelot’s ‘ Ilistoire Naturelle des lies Canaries^ 
(12), published at Paris under the auspices of the Minister of Public Instruction, 
i)r. Carl Bolle has visited the group more recently, and has written several excel- 
lent articles in Cabanis’s Journal on its Ornithology (13). 

Madeira has had the advantage of the residence of several first-class English 
naturalists ; I need only mention the names of Lowe, Vernon- Wollaston, and 
Johnston to establish this point. More than twenty years ago Mr. E, Y. Ilarcourt, 
in his Sketch of Madeira (14) and in contributions to the ‘ Proceedings of the 
Zoological Society’ (16) and ^Annals of Natural History’ (10), gave us a good 
account of the Ornithology of Madeira. Mr, F. Godman has recently published 
an excellent article on the Birds of Madeira and the Canaries, in ^ The Ibis^ for 1872 
(17), in which a complete r^sum^ is given of the whole of our previous knowledge 
of this subject, together with the information obtained by the author himsmf 
during his expedition to those islands in 1871. 

As regards the Fishes of Madeira, they have formed a subject of study of several 
excellent Ichthyologists. The Rev. R. T, Lowe made numerous communications 
to the Zoological Society of London upon them in the early days of the Society, 
and published in their ^Transactions ’ in 1889 a Synopsis of Madeiran Fishes (1$, 
to v^ch several supplements were afterwards added. Subseauently Mr. J, Y. 
Johnson took up the subject and made numerous additions to Mr. Lowe’s experi- 
ences, which were mostly published by the same Society (19). Dr. Giinthor has 
likewise oontriWted to our knowledge of Madeiran Fisnes (20) ; so that on the 
whole there is, perhaps, hardly any lo^ty out of Europe with the Ichthyology of 
which we have a better general acquaintance. 

For our knowledge of the higher animals of the third of the Island-groups above 
imoken of, that of the Azores, we are mainly indebted to the energy of Mr. F, D. 
Hodman, who made a special expedition to those islands in 1866, with the object 
of studying their fauna. The results are embodied in his volume on the Azores, 
pubUshed by Van Voorst in 1870 (21). Morelet’s work (22), previously publish^ 
k mainly devoted to the Land-shells ; Mr. Godman is almost our only authority 
upon the Mammals, Birds, and other Vertebrates. 
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2. The European Subregion. 

To discuss^ or even to give the titles of all the works that have been published 
on the Vertebrates of Europe would extend this address to far beyond its proper 
limits. I must content myself with a few words on the principal works which 
have appeared of late years, first, upon the zoology of Europe generally, and, 
secondly, upon the faunas of its chief political divisions. 

A. MammdU of Europe* 

To bej^ with the Mammals, our standard authority upon the European mem- 
bers of this class is Blasius^s ^ Naturgeschichte der Saugethiere Deutschlands und 
der ai^nzenden Lander ’ (2^ ; and an excellent work it is. Unfortunately, how- 
ever, it does not extend into Southern Europe, where alone many of the more in- 
teresting forms of European Mammal-life male their appearance. A work founded 
on Blasius’s volume and embracing the additional species of Mammals to be met 
with in Spain, Italy, and Turkey is very desirable ; and it is with great pleasure that 
I have been informed that an energetic Member of this Association has already set 
Some such undertaking before him. The only work of reference of this extent that 
1 am at present acquainted with is Lord Clermont’s useful ^ Guide to the Quadru- 
peds ana Eeptiles of Europe,’ published in 1869 (24). 

As regards the constituent countries of the European Subregion, there are but few 
recommendable works devoted to the illustration of their Mammal-faunas. In 
England we have Bell’s ^British Quadrupeds,’ belonging to Mr. Van Voorst’s excel- 
lent series (25). This remained long out of print, until its recent reissue in 1874 

the author (26) with the assistance of Mr. R. F. Tomes and Mr. Alston. For 
France, M. Gervais’s ‘ Zoologie et Pal^ontologie Frant^aise ’ (27), enumerates both 
recent and fossil Mammals, though most regard is paid to the extinct Fauna. As 
regards Spanish Mammals, almost the only authority I am acquainted with isRosen- 
hauer’s ^ Thiere Andalusiens ’ (28), which, however, is very defective, the author 
having devoted himself principally to the study of the Invertebrates. Oapt. Cook 
(afterwards Widdrington) was the original discoverer of several of the rarer 
Mammals of Spain j but the account of them in his ^ Sketches ’ (29) is very meagre. 
A bare list of the Mammals of Portugal is given by Prof. Barboae du Bocage 
in the ^ Revue Zoologique ’ for 1863 (30). Passing over to Italy, Bonaparte’s 
^ Fauna Italica’ (31) and Costa’s ^ Fauna del Regno di Napoli ’ (82) must be men- 
tioned, though both are somewhat out of date. But the former work is still the 
only author!^ on certain of the rarer Italian species and local forms. A recent 
summary of Italian Mammals has been given by Prof. Oornalia in ^ Italia’ (83) j 
but on the whole it must be allowed that a good work upon the Mammals of tne 
Italian peninsula is still a desideratum. Cn the Mammals of Switzerland, on the 
other hand, we have an excellent recent work by Br. Fatio, forming the first 
volume of his ^Faune des Vertdbr5s de la Suisse ’ (34), in which special attention 
is devoted to the difficult gi*oups of Rodents and Insectivores, No student of 
the European Mammal-fauna should omit to consult Dr. Ratio’s work. 

Passing to Eastern Europe, we find our state of exact knowledge as to the 
Mammals very defective. As regards Greece, we may refer to the French ^ Ex- 
pedition Scientifiq^ue en Mor4e,’ in which there is a memoir on the Mammals by 
■Geoffroy St-Bfilaire (36), and Erhard’s * Fauna derCykladen’ (36) and Unger 
and Kotschy’s volume on Cyprus (37), which give some details on the Mammals 
of the Greek archipelago. Of Turkey we find little or no information, and there 
is certainly still much to be done as regards the smaller Mammals of this part 
of Europe. In Southern Russia we have M5n5tri€s’s Catalc^e of the Animals 
of the Caucasus (38), and P. D5midoff’s * Voyage dans la Russie M^ridionde 
(39), and perhaps other works in the language of the country, which I am not 
aoquaintea vriith. But there can be no doubt that it is in South-eastern Europe 
that our knowledge of the Mammal-fauna of this continent is very defective, 
and that most remains to be done in order to complete our acquaintance with 
ihis branch of European zoology. 

La Northern Europe, which we now turn to, the ease is quite different. The 
highly cultivates^ and laborious naturalists of Scandinavia have for many years 
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paid ™at attention to this as to every other part of their fauna. The first volume 
of Nilsson’s 'Scandinavian Fauna’ (40), published at Lund in 1847, has long been 
a standard book of reference on this branch of zoology. Much, however, has been 
done since that period ; and in Prof. Lilljeborg’s lately issued work on the Mam- 
mals of Sweden and Norway (41), we have an exhaustive account of the present 
state of our knowledge of this subject. 

As regards the few Mammals of Spitzbergen, reference should be made to the 
second volume of Heuglin’s 'Eeisen nach dem Nordpolarmeer’ (42)^ where that 
energetic naturalist has put together an account of the nineteen species of Mam- 
mals that penetrate so far north. 


B. Birds of JBtir ope, 

a. jEurope genei'aUy, — There can be no question, I suppose, that the attractive 
slass of Birds has received much more attention than its sister-classes of verte- 
irates in Europe, as generally elsewhere. Of late years especially a considerable 
lumber of naturalists in almost every part of this continent have bestowed their 
irincipal attention on Ornithology. Two journals are devoted solely to this 
icience — in which the larger number of articles treat of the birds of some poition 
)r other of Europe. The mass of literature on the subject is large ; and I must 
herefore be rather concise in my notices of the principal modem authorities that 
ihould be referred to by an incjuirer on European Ornithology. 

First, as to the Avifauna ot the whole continent, TCmminck’s 'Manuel ’ (4^1) — 
ong the acknowledged authority upon this subject — was superseded in 1849 by 
he issue of Degland’s ' Ornithologie Europ^enne’ (44). The new edition of 
his work, revised by Gerbe and issued in 1807 (45), is perhaps now the 
nost complete book of its kind. But it has great faults and imperfections, 
larticulaiiy as regards its indications of the distribution of tne species. This 
iranch of the subject has never been properly worked out until the recent issue of 
VIr, Dresser’s (formerly Sharpe and Dresser’s) 'Birds of Europe’ (40), which contains, 
10 far as it has hitherto progressed, by far the most exhaustive account of the 
European Avifauna yet attempted. Its large size and numerous illustmtions, how- 
»ver, render it rather cumbersome as a manual ; but a handbook based on it when 
ompleted, and containing a judicious abridgement of its information, (which I 
lope Mr. Dresser will not fail to prepare,) would, I am sure, form a most valuable 
vork. 

Fritsch’s ' Naturgeschichte der Vogel Europa’s ’ (47), lately published at Prague, 
8 a cheap and useful manual for those who understand German j while Gould’s 
Birds of Europe ’ (48), though out of date, will be always referred to for its 
llustrations. 

b. Birds of Great Britain, — ^For many years the standard book of reference on the 
Irnithology of these islands has been Yarrell’s ‘ British Birds,’ and its several 
Supplements (49). The new edition of this work, commenced in June 1871 by 
^ror. Newton (50), is familiar, no doubt, to most of the Members of Section D. 
ks to its merits there can be no question ; 1 think it is seldom indeed that a task 
8 intrusted to one so thoroughly competent to perform it, or so careful in the 
ixecution of what he undertakes. But the slow progress of the work is appalling : 
tfter four years only one of the promised four volumes has been completed. As 
mongst the best of numerous local works on the Birds of this country recently 
ssued should also be mentioned Gray’s 'Birds of the West of Scotland ’ (61), and 
iancock’s memoir on those of Northumberland and Durham (62). A very useful 
vork of reference for Ornithologists is also Mr. Harting’s ' Hand-book of British 
iirds ’ (63), in which the exact dates and places of occurrence of all the rarer 
isitants are recorded. Those who love life-sixed illustrations, and have full 
mrses, will not fail to acquire (provided a copy is left) Mr. Gould’s splendid work 
in the Birds of Great Britain (64), now complete in five volumes. After this 
numeration it will be almost needless to remark that Ornithology has no reason 
o complain of want of support in this country. 

c. Bvrds of France, — ^In France less attention has been devoted to the native 
wids of late years; and besides the new edition of Degland’s 'Omithologie 
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Euvop^ne ’ already spoken of, I have only to mention BaiHy’s ‘ Omithologie de la 
Savoie’ (65), and JauWt and Barth^lemy-Lapommeraye’s ^Richesses Omitholo- 
giques du Midi de la France ’ (66), in each of which will be found much informa- 
tion about the rarer birds of the districts respectively treated of. 

d. Bir^ of Sjmn and Bortuffol^^Mnoh attention has been paid to the Avifauna 
of Southern Spain of late years, but rather by visitors from the north than by native 
naturalists. Lord Lilfora ana Mr. Howard Saunders have both given us some 
excellent articles in ^ The Ibis ’ on this subject (57, 58), and have made a variety of 
interesting discoveries, amongst which are actually several new species *, or at all 
events well-marked local forms. Dr. R. Brehm, long resident at Madrid, has 
also devoted much attention to Spanish Ornithology, and written a complete list of 
Spanish Birds (59), which should be consulted. To Colonel Irby’s work on the 
Straits of Gibraltar (10) I have already alluded ; as regards the southern extremity 
of the p^eninsula he is our best and most recent authority. For information on the 
birds or Portugal we must again go to an English source, Mr. Alfred Charles 
Smith’s Narrative of his Spring Tour (GO) containing the best information which 
I am acquainted with on this subject. 

e. Birds of Italy. — Savi’s ‘ Ornitologia Toscana ’ (01), published as long ago as 
1827, was for long almost our only authority on Italian Ornithology. Bonaparte’s 
* Iconografia,’ already alluded to (31), gave some additional information as to 
rarer species. Salvadori’s memoir on the Birds, forming the second volume of the 
recently published ^ Fauna d’ltalia ’ (02), is the best and most recent authority on 
this subject, and contains dn excellent Bibliografia Omitologica Italiana.” A 
large illustrated work on the birds of Lombardy has been recently published at 
Milan by Bettoni (63). I must also call attention to the persevering way in 
which Mr. 0. A. Wright has worked up the Avifauna of Malta (64), and to Mr. 
A. B. Brooke’s recently published notes on the Ornithology of Sardinia (65). 

f. Birds of Tttrkey am Greece. — Dr. Kruper, a well-known German naturalist, 
has been long resident in various parts of the Levant, and has contributed nume- 
rous articles upon the birds met with to various periodicals. These have been 
recently put together and edited by Dr. Ilartlaub, and published as a number of 
Mommsen’s ^ Giiecbische Jahreszeiten ’ (66), which thus contains a summary of all 
our principal information on the birds of Greece and its islands. Before that our 
best authority on Grecian birds was Lindermayer’s ‘Vogel Griocheniands ’ (67) 
As regards Fhiropean Turkey, Messrs. Elwes and Buckley have lately published a 
good paper in ‘ The Ibis ’ on its birds (68) ; and MM. All6on and Vian have written 
seveml articles in the ‘Revue Zoologique’ (69, 70) on the ornithology of the 
neighbourhood of Constantinople. But there' is certainly still much to be done as 
regards bir(^ in this part of the continent, as likewise amongst the islands of the 
Greek archipelago, many of which are almost unexplored by the naturalist. 

g. Birdf of Sonthem B*tssia and the CiMcasus. — Though many notices of the 
Mids of Southern Russia have appeared in the ‘ Bulletin * of the Society of Natu- 
raKsta of Moscow^ I am not aware of any complete account of them having been 
issued, D^midofr, in the third volume of his ‘ Voyage dans la Russie m^ridionale’ 

gives a list of the birds of what he calls the “ Faune Pontiquej^” but bis 
original observations are somewhat meagre. Eicbwald’s ‘ Fauna Caspio-Caucaaica’ 
(71) and Mdn^tri^s’s Catalogue of the Zoology of the Caucasus (3S) should also be 
ecNDSulted, although both are rather out of date. An excellent soologist, Hr. 
Gnstar Radde, is now resident at Tiflis ; but 1 do not think be has vet prepared 
any general aeoount of the birds of the Caucasus, where there must be certainly 
mueh of interest, as is ]^ved by the discoverv of the remarkable Grouse, allied to 
our Black Grouse, which has just been described by M. Taczanowskit. 

h. BMk of Gerwumy and Osniraf Earope. — Local lists of the birds of the various 
states of Central Europe, and their principal divisions, are very numerous ; and 
there are also many manuals and memoirs on the same subject But J. A. Nau- 
imwn*# excellent ‘ Vogel Beutschlands ’ (78), commenced in 1822, with its sup- 
pleBMnts, is still, I believe, ^uite unsuperseded as a standard book of reference on 

* Qeeinm sAan>ti, P. Z, S. 1872, p. 153, and 'Calendrella batica. Dresser, * Birds of 
Ettrone/pfc.8l. 

P. Z. 0, 1675, p. 266 (72). 
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Centml-Euroj^n Ornithology. It was generally understood that Prof. Rlasius, at 
the time of his lamented death, had a work on the birds of his native country in 
preparation j but unfortunately this was never finished ; or it would have proved to 
pe, nb doubt, of first-rate excellence. In no other country, however, except our own, 
is Ornithology so much cultivated as in Germany. Two societies emulate each other 
in their pursuit of this science ; and two special journals (74, 75) are devoted to its 
progress. There is no lack, therefore, of recent information upon the birds of every 
}>art of Germany, although this has to be fished out of journals and periodicals of 
different sorts, instead ofbeing put together (as wo should rather wish to see it) in 
some general work. 

i. Birds of ScandmaviaandNoHJuim Europe . — In Scandinavia also there is no dearth 
of diligent observers of birds, as of every other class of animals. The Bird volume 
of Nilsson’s Scandinavian Fauna (40) was published in 1868, and is still worthy 
of careful study. But the more recent works of Collett upon the Birds of Norway 
in German (70) and in English (77) should be consulted, as also Sundevall’s 
‘ Svenska Foglama ’ (78), unfortunately not quite finished at the time of his de- 
cease, and von 'Wright and Palm^u’s ^h^lands Foglar’ (79). Several memoirs 
liave also recently appeared upon the birds of the extreme north, which have 
always attracted great interest among ornithologists. Amongst these, special at- 
tention may bo called to : — v. Hcuglin’s account of the birds of Nova Zembla, first 
published in Cabanis’s Journal for 1872 (80), and afterw’^ards enlarged and revised 
in the second volume of hia ‘ Keiseii nach dem Nordpolarmeer to Prof. Newton’s 
essay on the birds of Iceland, in Mr. Baring-Goulds ‘Iceland, its Scenes and 
Sagas ’ (81) ; and, lastly, to Messrs. Alston and Brown’s narrative of their adven- 
tures among the birds of Archangel (82) — a little-exploved district, and one of 
much promise, to which one of these active explorers has returned this year. 

C. European Herpetology, 

In this field of research there is not so much of recent work to record as among 
the birds ; but Dr. E. Schreiber’s * Herpetologia Europiea,’ which has just ap- 
peared (83), marks an important epoch in this branch of science, smee there was 
pi’eviously no good work of reference upon the Reptiles and Batrachians of Europe, 
l)r. Schreiber’s work is drawn up upon the same plan as Blasius’s well-known 
‘ Saugethiere Europa’s,’ and forms a most convenient handbook. The list of pub- 
lished works and memoirs on the same subject prefaced to it renders it unnecessary 
for me to refer to the previous authorities on European Herpetolc^ in detail. I 
observe, however, that Lord Clonnont’s very useful ‘ Guide to the Quadrupeds and 
Reptiles of Europe’ (24) is not referred to in the list j and it would appear that 
Dr. Schreiber is not acquainted with it. I must also call special attention to Dr. 
Strauch’s excellent memoir on the Serpents of the Russian Empire (84), recently 
published in the Memoirs of the Imperial Academy of St, Petersburg, which is as 
important for the European as for the Asiatic part of the Russian dominions. As 
regards our native Herpetological fauna also, I m^ point out that the last edition 
of Bell’s * British Reptiles’ (86), published in 1839, requires considerable revision 
to bring it up to our present standard of knowledge, and that it is much to be 
desired that a new edition should be undertaken. Let mo venture to suggest that 
Mr. Van Voorst should communicate with Dr. Gunther upon this subject. In the 
meanwhile ^ Our Reptiles,’ by M. C. Cooke (80), may be used os a correct as well 
as popular guide to this branch of our fauna. 

D, European Ichthyology, 

I am not aware of the existence of any special work on European Ichthyology j 
but 0. Th. v. Siebold published in 1803 a volume on the Freshwater Fishes of 
Central Europe (87), wnich forms a useful guide to the Piscifauna of the principal 
European river-oasins. For the fishes of the Atlantic which visit the British 
coasts we have the third edition of Yarrell’s ‘ British Fishes,’ edited by the late 
Sir John Richar^on (88), which was published in 1869. Now that Dr. Giinthei^e 
great general work on Fishes has been completed, this portion of Mr. Van Voorst’s 
excellent series woidd be also much benefited by revision and rearrangement 
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according to Dr. Gunther’s modem system and nomenclature. As a cheaper 
and more popular work we may also refer to Couch’s ‘British Fishes/ in four 
volumes (89), of which the last was issued in 180-5. In this book the figures are 
coloured. 

Prof. Blanchard issued in 1866 a volume of the Freshwater-Fishes of France 

(90) , which, however, does not bear so high a character as Siebold’s work a^ve 
referred to. For our knowledge of the fishes of Spain and Portugal we are chiefly 
indebted to Steindachner’s memoirs in the Sitzungsberichte of the Vienna Academy 

(91) , and to F. de Brito Oapello’s papers in the Journal of Sciences of Lisbon (92). 
Of those of Italy, Prof. Oanestrini nas lately published a revised list with short 
specific characters, as a section of the work called ‘ Italia ’ already referred to (93). 
Those interested in the fishes of the Bladk Sea and adjoining river-basins should 
consult the ichthyological portion of D^midoff’s ‘ Voyage dans la Russie m^ridionale,’ 
entitled “ Pisces Faunae PonticaB.” I am not acquainted with any other important 
recent memoirs on the Ichthyological faunas of the different European states 
which it is necessary to refer to until we come to Scandinavia, where Malmgren 
published in 1868 an excellent essay upon the Fishes of Finland, which was sub- 
sequently translated into German (94) As regards the Fishes of Spitzbergen and 
Nova Zembla, Heuglin’s Synopsis of them in the second volume of his already 
quoted ‘ Reisen nach dem Nordpolarmeer ’ is the most recent authority, though it 
is principally founded upon the labours of Lovdn and Thorell, and of the naturalists 
of the Swedish expeditions of 1861 and 1804. 

3. The Siberian Subregion, 

When I call to mind the numerous scientific expeditions sent by the Russians 
into different parts of their recent acquisitions in Northern Asia, and turn over the 
pages of the excellent and instructive works in which the results of these expedi- 
tions have been given to the world, I must own to a feeling of indignation at the 
manner in which such matters are usually dealt with by the Government of this 
country. In the first place, in order to get such an expedition sent out at all, 
great exertions- and special influence are necessary. The Treasury must be memo- 
rialized, the Chancellor of the Exchequer besought, and the Admiralty petitioned, 
before any grant of money can be sanctioned for the purpose; and even then it is 
too often bestowed in a niggardly and grudging way. When the expedition returns, 
similar applications have to be made in order to get the results worked out and 
properly published ; and these are in some cases altogether rejected, so that the 
money already spent upon collecting becomes virtually thrown away. In Russia, 
although the nation may he less a wane $o the claims of science than in this country, 
the Government is certainly more so ; and it is to the scientific men attached to 
the Government expeditions that we are indebted for nearly all the knowledge we 
possess of the fauna of Northern Asia, Of the more important reports of the 
more recent of these expeditions I will say a few words. 

MiddendorfTs ‘ Sibiriache Reise ’ (95), published in 1847-67, gives an account of 
the fiiuna of the extreme north and east of Siberia. The second volume of the zoolo- 
rical section is entirely devoted to the Mammals, Birds, and Reptiles, and gives 
full details concerning the structure and habits of the species met with. OtVon 
Schrenck’s ‘ Amur-Reisen ’ (96), a volume published in 1869 contains a complete 
memoir on the Mammals and Birds of the newly acquired district traversed by the 
Amoor, lying to the south of that investigated by Hr. v. Middendorff. Lastly, two 
volumes of xtadde’s ‘ Reisen in dem Siiden v. Ost-Sibirien ’ (97), published in 1862 
and 1803, render more perfect our knowledge of the Mammals and Birds of South- 
eastern Siberia. Hr. ^dde’s chief obser^^ations were made in Transbaikalia ; but 
he incorporates the knowledge aocumulated by his predecessors in the surrounding 
districts, and goes deeply into general results. 

Dr. A. V. Middendorff ’s ‘ Isepipteeen Russlands ’ (98) should also be consulted 
by those who wish to understand the migration of birds in Siberia, or indeed 
throughout the Russian dominions. 

♦ See Zool. Rec, 1804, p. 136. 



TRANSACTIONS OF THE SECTIONS. 


93 


4. The Mantchuhian Subreghon. 

Of this district, which embraces the country lying south of the Amoor and the 
peater part of Northern China, down perhaps to the great river Yang-tsze, we have, 
besides the Russian works lastly spoken of, two principal sources of information. 
The first of these consists in the researches of Mr. Robert Swinhoe, of H.M. Chinese 
Consular Service, one of the most industrious and successful exploring naturalists 
that have ever lived, who is well known to many of my brother Members here pre- 
sent. Mr. Swinhoe’s memoirs and papers on Chinese zoolog}- are very numerous ; 
but his last revised list of the Birds of China (99) will be foimd in the Zoological 
Society’s ^Proceedings’ for 1871. Pere Armand David, a worthy rival of our 
Consul, has likewise contributed in no small degree to our knowledge of the fauna 
of N prthern China. Ilis j ournals, containing numerous remarks full of interest, have 
lately been published in the ^ Nouvelles Archives du Mus<5um d’Histoire Naturelle 
de Paris’ (100) ; and M. Alphonse Milne-Ed wards’s recently completed ^Recherches 
sur les Mammif^res ’ (101) contains a section specially devoted to the Mammals of 
Northern China, which is mainly based on Pere David’s researches. I shall, how- 
everj have again occasion to mention the discoveries of both Mr. Swinhoe and M, 
David in a subsequent portion of this address. 

6. The Japanese Subregion. 

Temminck and Schlegel’s ^ Fauna Japonica ’ (102) has long been our standard 
authority upon the*zoology of Jamn ; and not much has been done of late years to 
perfect it, except as regards the Birds. On this branch of our subject some very 
good articles have been published in ^The Ibis ’ by Cant. Blakiston (103, 104), based 
upon his researches in Hakodadi ; by Mr. Whitely (105), who was for some time 
resident along with Capt. Blakiston at the same port ; and by Mr. Swinhoe (106). 
Reference should also be made to the second volume of Commodore Perry’s ‘ Nar- 
rative of tho U.S. Expedition to Japan in 1852-54 ’ (107), wherein will be found 
articles on the Birds collected, by Cassin, and on the Fishes, by Brevoort, 

G. The Tartarian Subregion, 

Into the great desert-region of Central Asia, hitherto almost zoologically unknown, 
except from Eversmann’s ‘ Reise nach Buchara ’ (108), which contains a short natural- 
history appendix, excursions have recently been made from two opposite quarters. 
The advancing tide of Russian conquest from the north, accompanied, as usual, by 
its scientific corps, has already made us well acquainted with the zoology of 
Turkestan. 1^. Severtzotf has unfortunately vielded to the unphilosophical spirit 
of nationality which has of late years attained such a monstrous development, and 
published his ^ Turkestanskie Jevotnie,’ or review of the distribution of animal life 
m Turkestan (109), in his native Russian. But a translation and reproduction of 
the portion relating to the Birds has already appeared in German (llO); and an 
abstract of it in English is now being given to the world by Mr. Dresser in * The 
Ibis’ (111). 

From the south the peaceful embassies of this country to Yarkand have led 
naturalists into the fringe of the same zoological district. Of the first of these 
expeditions we have an excellent account as regards the birds bv Mr. A. O. 
Hume, forming the second part of Henderson’s ^ Lahore to Yarkand (112^. Sir 
D. Forsyth’s second expedition to Yarkand and' Kashgar was accompanied 
Dr. Ferdhaand Stoliezka, one of the most accomplished and energetic members of 
the staff of the Indian Geological Survey, whose life was mi^rably sacrificed 
to the hardships encountered on the return. Of this last expedition we have as 
yet only incomplete accounts *, hut may, I trust, look forward to the publica- 
tion of an equally interesting volume on the zoological results. The Ichthyological 
part of the collections has, I believe, been intrusted to Dr. F. Day to work out 
m this country. 

* jSee Hume, ‘Stray Feathers,* ii. p. 513 (113), and iii p. 215 (114). 
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7. Thb Pebsian Subregion. 

Of tho Persian or “ Mediterraneo-Persic ” Subregion, os Mr. Elwes prefers to call 
it *, which may he held to embrace European Turkey, Palestine, and Persia, our 
Imowledge was until recently very limited, and even up to the present day remains 
very imperfect, considering the proximity of the distnct to Europe, and the many 
interesting features which it presents. As regards Palestine, Canon Tristram’s 
energetic researches have done much to remove what has long been a scandal to 
biblical scholars as well as to naturalists. His long-promised ^Synopsis of the 
hlora and Fauna of Palestine,’ however, is not yet issued by the Ray Society, and 
we must consequently be content with Mr. Tristram’s papers on the Birds of the 
Holy Land in ‘The Ibis ’ (116) and in the ‘ Proceedings ’ of the Zoological Society 
(Ho) and Dr. Gunther’s article upon the Reptiles and Fishes collected by Mr. 
Tristram ^117), until the finished work appears. Of Asia Minor and Armenia it 
may be said that we are miserably ignorant, Tchihatcheff’s desultory account of its 
Natural History in his ‘ Asie Mineure’ (118) being almost the only authority we 
have to refer to. Thirty years ago the Zoological Society had two excellent cor- 
respondents at Erzeroom — Messrs. Dickson and Ross ; and it is a great misfortune 
that no ‘continuous account was ever prepared of the fine collections which they 
sent hornet. 

As regards Persia we may hope very shortly to be much more favourably situ- 
ated. Mr. W. T. Blanford and Major St. John have recently made large zoological 
collections in various parts of that country, particularly of birds ; and it is generally 
understood that the report of the Persian Boundary Expedition will contain a 
Complete account of the zoology of Persia from Mr. Blanford’s accomplished pen. 
Hitherto we have had to rely on De Filippi’s ‘ Viaggio in Persia’ (Hu) and other 
fragmentary sources of information. 

11. THE ETHIOPIAN REGION. 

This Region I shall spealc of, for convenience’ sake, under the following six sub- 
divisions 

1. Western Africa^ from the Senegal to the Congo. 

2. SmdJMJoestern AfricUy or Angola and Benguela. 

8. Smith Africa, %. e. the Cape colony and adjoining districts. 

4. South-eastern Africa, from the Portuguese possessions \ra to the Somali coast. 

6. North'^astern Africa, including Abyssinia, Nubia, and Egypt. 

6. Arabia, 

1. Western Africa. 

The Mammals of Western Africa are certainly not so well known as they should 
be ; and there is no one work which gives on account of them, except Temminck’s 
‘ Esquisses Zoologiques sur la c6te de Guinde ’ (1), which is devoted to the collec- 
tions transmitted to Leyden by Pel, a most energetic and successful Dutch explorer. 
On the Mammals of Gaboon, Pucheran’s article in the French ‘Archives duMusduin ’ 
(2), and Du Ohaillu’s travels (3) and the literature connected therewith, should be 
consulted (4, 6, 

The Birds of Western Africa, on the contrary, have attracted much attention 
fromj European naturalists since the time when Swainson published his ‘ Birds of 
Western Airica ’ (7). This work, however, has been quite superseded by Hartlaub’s 
classical ‘System der Omithologie Westaifrica’s ’ (8), published in 1857. Since 
that period many memoirs an<^apers have appeared on the birds of various parts 
of this district, principally by CJissin, of Philadelphia, Dr. Finscb, of Bremen, and 
Mr. R. B. Sharpe, of the British Museum, who has paid special attention to the 
African Omis, and is understood to he preparing a general work on it. 

For information on the Reptiles and Fishes of West Aifrica we must refer to 
Aug, Dum4ril’s memoir (d) ‘in the tenth volume of the ‘Archives du Musdum 
d’lfistoire Naturelle,’ foimded on the collections in the Paris Museum. 

* Cf P. Z. 8. 1873, p. 647. 

t Sm notices of their collections in P. Z. S. 1839^ 1642, and 1844. 
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2. SotTH-WESTEBN ApBICA. 

Tlie Portuguese colonies of Angola and Benguela, which seem to belong to a 
zoological subre^on distinct from both that of West AMca and that of the Cape, 
were until recently almost unexplored. Within these last few years, however, 
Prof. Barboza du Bocoge has acquired extensive series of specimens in nearly every 
department of natural history from these countries for the Lisbon Museum, and 
has published several important memoirs on the subject (10), which he will pro- 
bably ultimately incorporate into a general work. Mr. J. J. Monteiro has also sent 
to this country collections of Mammals end Birds, which have formed the subject 
of several papers (11, 12). 


3. Southern Africa, 

’ Sir Andrew Smith’s < Illustrations of the Zoology of South Africa ’ (13) consti- 
tute four solid quarto volumes, devoted to the new and rare vertebrates met with 
during that energetic traveller’s many explorations of the Cape colony and the 
adjoining districts, and supplementing Levaillant’s celebrated ^Oiseaux d’Afrique’ 
(l4). But there is no perfect list of the Cape fauna mven in Sir Andrew 
Smith’s work j and therefore Mr. Layard’s ^ Birds of South Africa ’ (16), though 
not very completely elaborated, was a most acceptable and convenient work 
to the ornithologist. Still more agreeable will it bo to witness the completion 
of the new and enlarged edition of Mr. Layard’s little volume, which Mr. Sharp© 
has undertaken (16), and of which he has just issued the first port. Mr. Sharpe 
will, however, I trust, pardon me for remarking that he has cut the synonymy 
of the species rather short in his pages; it is hard to expect every South- 
African colonist to have at his side the British-Museum Catalogue of Birds, to 
which he always refers us. The omission of generic and family characters is also 
much to be regretted in a work of this kind. Another modern and much-to-be- 
recommended bird-book belonging to this subregion is Mr. J. II. Gurney’s ^ Birds of 
Bamara-lond ’ (17), founded on the extensive collections of the late 0. J. Andersson. 
No less than 428 species of birds were obtained by that indefatigable collector j and 
the task of editing his field-notes has been well performed by Mr, Gurney, 

4. South-eastern Africa. 

Our knowledge of the fauna of Mozambique is chiefly due to the scientific visit 
made to that country by Dr. W. Peters, of Berlin, in 1842 and the following years. 
The volume of this distinguished naturalist’s ^Naturwissenschaftliche Reise uach 
Mossambique ’ (18) on the Mammals was published in 1862, that on the Fishes in 
1864. The delay in the issue of the portions relating to the Reptiles and Birds is 
much to be regretted, more especially when we consider the high standard of the 
work, although (Bagnoses of the new species discovered in these groups (19, 20) 
have been long since published; and I am sure I am exprewing the sentiments of 
naturalists in general when I say that I hope to see the series shortly completed. 
Proceeding further north along the African coast, we come to Zanzibar, where an 
excellent ichthyologist. Consul Playfair, was lately resident. The * Fishes of Zan- 
zibar,’ by Gunther and Playfair (21), founded on the extensive collections made 
by the latter, was published in 1866, and gives an account of above 600 species, and 
many excellent figui’es. 

The Ornithology of the whole East-Afiicaii coast, from Gordafui to Mozam- 
bique, has been Sfaborately worked out by Drs. Finsch and Hartlaub. The results 
are contained in these authors’ * Vogel Ost-Afrika’s ’ (22), forming the^ fourth 
volume of the unfortunate Baron Carl Claus von der Decken’s ^ Reij^n in Ost- 
Afrika.’ Full details as to previous authorities on the subject are given in this 
excellent work ; so that it is not necessary to allude to them. 

As regards the Mam mala of this part of Africa, however, it is expedient to say a 
few words. Our knowledge of this class of animals is, as regards the coast opposite 
Zanzibar and the country surrounding the great lakes of the intpior, mainly com- 
prised in the fragmentary collections of Speke and Grant, of which an account h^ 
bem published in the Zoologi^ Sociely ’s * Proceedings ’ (23), and in the few speci- 
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mens transmitted by Dr. Kirk from Zanzibar*. There is no doubt^ however, that 
much remains to be done here ; and I believe there is at the present moment no finer 
field for zoological discovery available than this district, where we know that animal 
life in every variety is still abundant, and excellent sport can be obtained to add a 
zest to scientific investigation. The Fishes of the great lakes of Tanganyika and 
the Victoria and Albert Nyanza are likewise utterly unknown ; and their investiga- 
tion would be a subject of the greatest interest. Of those of the more southern 
Nyassa Lake, a few specimens were obtained by Dr, Kirk (24). 

6. North-easteen Africa. 

For many years KuppelTs ^ Atlas ^ (25) and ^ Neue Wirbelthiere * (26), and, as 
regards birds, his ^ Systematische Uebersicht ’ ^27), remained our standard works 
of reference upon the zoology of North-eastern Africa. The recent com^etion of 
Th. von Heu^in’s ^ Ornithologie Nordost-Afrika’s’ (28) has superseded Ituppell’s 
voliunes for general use ; and no more valuable piece of work for ornithologists has 
been accomplished of late years than the reduction of the multitudinous observa- 
tions and records of this well-known tmveller and naturalist into a uniform series. 
Von Ileuglin’s work, however, concerns mainly Upper Nubia, Abyssinia, and the 
wide terntory drained by the confluents of the Upper Nile. For Egypt and the 
Lower Nile a more handy volume is Capt. Shelleiy’s ^ Birds of Egypt ’ (29), pub- 
lished in 1872, which will be found specially acceptable to the tourist on the Nile. 
Nor must I forget to mention Mr. Blanford’s interesting volume on the Geology 
and Zoology of Abyssinia (80), which contains an account of the specimens of ver- 
tebrates collected and observed during his companionship with the Abyssinian 
Expedition. Mr. Jesse’s birds, collected on the same occasion, were examined by 
Dr. Finsch, and the result given to the world in a memoir published in the Zoolo- 
gical Society’s * Transactions ’ (31). 

A good revision of the Mainmal-faima of North-east Africa is much to be 
desired. Meanwhile Fitzinger’s list of v. Heuglin’s collections (32), and the latter 
author’s own account of them in his Travels on the White Nile (38), may be 
consulted. 

The Appendix to Mr. Petherick’s Travels in Central Africa contains a complete 
memoir on the Fishes of the Nilo-basin, by Dr. Gunther (34); while those of the Red 
Soa have lately formed the subject of study by Dr, Klunzinger, who has published 
an essay upon them at Vienna (35). 

G. Arabia. 

Of Arabia, as might have been expected, we know but little, zoologically or 
otherwise. But little, it may be said, can be expected to be found there, looking 
to the general aspect of the country. Still it would be of interest to know what 
that little is. At present the only district that has been visited by naturalists is 
the peninsula of Sinai ; and of this our knowledge is by no means complete. Hemp- 
rich and Ehrenberg’s unfinished ^ SymbolsD Physic® ’ (36) was for many years our 
sole authority. Miore recently Mr. Wyatt has published an article in ^ The Ibis ’ 
upon the birds of the Sinaitic peninsula (37). Let me suggest to some of the 
officers who are stationed idle at Aden that an account of the animals to be met 
with in that part of Arabia would be of great value, and would give them much 
useful and interesting occupation. I have been more than once told that there is 
nothing whatever to be found there ; hut this I am slow to Mieve. Any one with 
a good pair of eyes and a taste for collecting might certainly do much good to 
science bypassing a few months at Aden, and making excursions into that part of 

Arabia F^x.” In Hei’petology, especially, new discoveries may be expected. 

Ha. THE LEMURIAN SUBREGION. 

This aberrant portion of the Ethiopian Fauna I will speak of under two headsi 
namely 

1. Madagascar. 2. Mmcaresie Is^midc. 


* E.g. Colifbus kirki, Gray, P.Z.S. 1868, p. 180, pi. xr. 
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1. Madagascar. 

To our knowledge of the extraordinary fauna of Lemuria,” as I have elsewhere 
proposed to call Madagascar and its islands^, great additions have been recently 
made ; but it is manifest that Madagascar is by no means yet worked outf. Dr. 
Hartlaub’s ^ Omithologischer Beitrag zur Fauna Madagascar’s ^ (38) was the first 
attempt at a rSsumS of the remarkable Avifauna of this part of the world. Since its 
issue two Dutch naturalists, Pollen and Van Dam, have visited Madagascar, and 
forwarded rich collections to the Leyden Museum. Of these the Mammals and 
Birds have been worked out by Professor Schlegel and Mr. Pollen, and the results 
published in a well-illustrated volume entitled ^ Recherches sur la Faune de Mada- 
gascar.’ This has been since followed by an accompanying account of the Fishes, 
and treatise on the Fisheries, by Messrs. Bleeker and Pollen (39). Following upon 
the footsteps of these naturalists, a French explorer, Alfred Grandidier, has since 
visited the interior of Madagascar, and in his turn has reaped a grand harvest, of 
which some of the results have already been given to the public (40). But we are 
promised to have these set before us in a much more extended and complete form, 
in a work now in progress, in which M. Grandidier has obtained the efficient assist- 
ance of M. Alphonse Milne-Edwards. There still remain to be spoken of the dis- 
coveries recently made by an English collector in Madagascar, Mr. A. Orossley. 
Mr. Crossley’s birds have been worked out by Mr. Sharpe in several papers pub- 
lished from time to time by the Zoological Society (41) ; while Dr. Gunther has 
described several new and remarkable Mammals from the same source (42). 

2. The Mascarene Islands. 

The Fauna of Bourbon, Mauritius, and Rodriguez forms an appendage to that 
of Madagascar, and merits careful study. Our Knowledge of these islands, since 
the recent investigation of Rodriguez by the naturalists of the Transit-of-Venus 
Expedition, is tolerably complete, but requires to be put together, ns it consists 
of fragments dispersed over various journals and periodicals. I trust that Mr. 
Edward Newton, who has had so many opportunities of acquii’ing information on 
this subject during his Colonial Secretarysnip at Mauritius, and has so well used 
these opportunities, may shortly have leisure to devote to this task. His labours 
to recover the skeleton of Pezopkaps^ in which, I am pleased to think, he was aided 
by a grant from this Association, are well known, as is likewise the excellent me- 
moir, by himself and Prof. Newton (43), in which the result of his labours was 
given to the world. Nor must I omit to mention Prof. Owen’s dissertations on 
the fellow extinct bird of Mauritius, recently published by the Zoological Society 
(44, 45). 

As regards the Recent Ornithology of these islands, we have nothing later to i*efer 
to than Hartlaub’s little work on Madagascar, noticed above (38), which includes 
what was then known of the Avifauna of the Mascarenes. 

The neighbouring gi'oup of the Seychelles was visited by Mr. Edward Newton in 
1807, and several new and most interesting species of birds obtained there. A com- 

f lete account of the ornithology of these islands was given by Mr. Newton in ^ The 
Ws ’ for 1867 (46). Since that period Dr. E. P. Wright, formerly an active member 
of this Association, has made a scientific excursion to the Seychelles, with the view, 
as was generally understood, of preparing a complete monograph of the fauna and 
flora of these interesting islands. It is much to be regretted that this veiy 
desirable purpose has not yet been accomplished, 

in. THE INDIAN REGION. 

Of the extensive and varied Indian Region I will now proceed to say some- 
thing, under the subjoined heads : — 

* Quart. Joum. of Science, 1864, p. 213. 

t Witness the Hammal-forms Brachytarsomm and Mixocebus, lately described by Dr. 
Ofinther and Dr. Peters, the new genus of Birds, Neodrepanu, recently dumoterised 
by Mr. Sharpe. 
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1. British India, 

2. Central and Southern China. 

8. Bnrmahf Sianif and Cochin. 

4. Malay Penvimda. 

Aa. Andaman and Nicobar Islands. 

5. East-Indian Islands. 

C, Philippine Archipelayo. 

1, British India. 

For BritiaK India Dr. Jerdon’s well-known aeries of zoological Handbooks was in- 
tended to supply a long-standing want; and it is a great misfortune that his untimely 
death has interfered with their completion. The three volumes on the Birds were 
finished in 1864 (1), and the one on the Mammals (2) in 1807. Of the volume on 
the Reptiles and 13ati*achians a portion, I believe, was actually in type at the time of 
his decease ; but of the Fishes no part, so far as I know, was so much advanced. 
For the Reptiles, therefore, we must for the present refer to Dr. Gunther’s ^ Reptiles 
of British India’ (3), published by the Ray Society in 1804; indeed, as regards 
India, any future account of these animals must, in any case, be founded upon the 
basis of that excellent and conscientious work. Mr. I’heobald’s Catalogue of the 
Reptiles in the Museum of the Asiatic Society of Bengal (4) should be also con- 
sulted. For the Indian Fishes generally there is at present no one authority, 
though Dr. Day, author of the ^ hashes of Malabar ’ (5) and of numerous other 
is understood to have in preparation a general work on this subject, which 
ce of Inspector-General of Indian Fisheries has given him excellent oppor- 
tunities of studying. Complete lists of both the freshwater and marine species of 
India are wven in the appendices to Dr. Day’s two ‘ Reports on the Fisheries of 
India and Burmah ’ (6 & 7), published in India in 1878. 

But although our wants os regards the Indian Vertebrates will probably be sup- 
plied in this way, it would bo much more satisfactory if the Inaian Government 
would select a successor to Dr. Jerdon, and place under his control the necessary- 
means for the preparation of a series of zoological handbooks for India. There is 
no reason why Botany should be more favoured than Zoology in this matter ; and I 
believe it is only the greater energy of the botanists that in this, as in other cases, 
has given them the start. New editions of Dr. Jordon’s ‘ Mammals ’ and ^ Birds ’ aro 
both necessary to bring our knowledge up to date ; and the original editions are long 
since out of print. There can be no question as to the great impetus to the study 
of Natural History iii India that has already followed on the publication of these 
handbooks ; and it will be a great misfortune to science if our Indian rulers fail to 
continue the good work. They have only to select a competent editor for the series, 
and to place the necessary funds temporarily at his disposal. The sale of the works 
will in the end more than recoup all the necessary expenses. 

Amongst more recent contributions to our knowledge of Indian Ornithology, which, 
under the inflqence above referred to, have been e^ecially numerous, I can now only 
stop to call attention to a few. Mr, Allan Hume, C.B., has been specially active, and 
has published numerous papers in his queerly-titled periodical ^ Stray FeatWs ’ 
(8), whi(^ is exclusively devoted to Indian Ornithology. Amongst them the arti- 
cles on the birds of Scinde (9) and those of Upper Pegu (10) are of special interest. 
Itfr. jSoldsworth’s most useful " Synopsis of tne Birds of Ceylon,” lately published 
in the ^Proceedings of the Zoological Society’ (11), is also of great value, more 
especially as Ceylon was omitted fiom the scope of Dr. Jerdon’s work. Nor must 
I omit to mention Major Godwin- Austen’s series of papers (12) on the Ornithology 
of the newly-explored districts on the north-eastern frontier, which contain so 
much of novelty and instruction. 

As regards the Testudinata of India, we may shortly expect a complete account 
of them from Dr. John Anderson, who has devoted much time and toil to their 
study. His magnificent series of drawings of these animals, from living specimens, 
1 have had the pleasure of inspecting ; and I trust sincerely that some means may 
be found of reproducing them for publication. Such a work would vastly increase 
our knowledge of this very difficult group of animals. 
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2. Central and Southern China. 

In speaking of Nortliern China I have introduced the names of the two great 
modern zoolopcal discoverers in China, Mr. Robert Swinhoe and M. le Pere David. 
Mr. Swinhoe’s article on the Mammals of China, recently published in the 
Zoological Society’s Proceedings (13), gives a complete list of the species known to 
him to occur south of the Yangtsze. It includes those of the great island of For- 
mosa, which is essentially part of China, although it possesses some endemic 
species, and which was a complete terra incognita to naturalists before Mr. Swin- 
hoe’s happy selection as the first British Vice-Consul in 1801. Mr. Swinhoe’s lost 
revised Catalogue of the Birds of China, published in 1871. has been already referred 
to. He is now at home, unfortunately in ill health, but is by no moans idle on his 
bed of sickness, and has in contemplation, and, I may say, in actual preparation, a 
complete work on Chinese Ornithology, for which he has secured the cooperation of 
one of our most competent naturalists. 

The still more remarkable discoveries of Pere David have revealed to us the ex- 
istence on the western outskirts of China, or rather on the border-lands between 
China and Tibet, of a fauna hitherto quite unknown to us, and apparently a pen- 
dant of the Himalayan hill-fauna first investigated by Hodgson. In his recently 
completed ‘Recherches sur les Mammiferes,’ already referred to, M. Alphonse 
Milne-Edwards has given us a complete account of M. David’s wonderiul dis- 
coveries among the Mammals of this district. M. David’s Birds were worked out 
by the late Jules Verreaux, and the novelties described in the ‘Nouvelles Archives’ 
(14) ; but no complete account of them has yet been issued. In Herpetology, I 
believe, M. David has also made some remarkable discoveries, amongst which, not 
the least, assuredly, is that of a second species of gigantic Salamander* in the 
mountain-streams of Moupin. 

3. Burmah, Siam, and Cochin. 

I speak of these ancient kingdoms, which occupy the main part of the great pe- 
ninsula of South-eastern Asia, principally to express my surprise at how little wo 
yet know of them. There are several good correspondents of the Jardin des Plantes in 
the French colony of Saigon, who have, I believe, transmitted a considerable number 
of specimens to the Museum d’HistoireNaturelle; but beyond the descriptions of a 
certain number of novelties t we have as yet received no account of them. The 
two philosophic Kings of Siam appear not yet to have turned their attention to 
biological discovery, although there is certainly ranch to be done in the interior of 
that State, with which the late M. Mouhot, had his life been spared, would probably 
have made us better acquainted. As it happens we have only one published me- 
moir (15) upon the results which this unfortunate naturalist achieved. 

Lower Burmah now forms part of British India, and will be doubtless well 
explored. As regards Burmah proper and the Shan-states, our Indian legislators 
appointed a most efficient naturalist to accompany the Yunan Expedition of 1838 
(16), but, when he returned, refused or neglected to provide him^with the facilities 
to work out and publish his results. I rejoice, however, to learn that this error has 
been to a certain extent remedied, and that Dr. Anderson has now in preparation 
a connected account of his Yunan discoveries, which is to be issued by the Linnean 
Society in their ^ Transactions.’ A separate publication of these results, however, 
would not have involved much additional e:imense, and would have been more 
worthy of the Government which sent out the Expedition. 

4. Malay Peninsula. 

The Malay peninsula belongs unquestionably to the. same Sublauna as Sumati*a. 
Its zoology is tolerably well known to us from numerous collections that have 
reached this country, but a modem revision of all the classes of Vertebrates is much 
to be desired. About twenty years ago, Dr. Cantor, of the East-Indian Medical 
Service, published catalogues of the Mammals (17), Reptiles (18), and Fishes (19) 

* Sieboldta damdianaj Blanchard. 

t B. g. Cercopiihe<m nignpes^ Milne-Edwards, and Poigplectfm gmnakmy Elliot. 
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of Malacca in the Journal of the Aeiatic Society of Bengal. To obtain a know- 
ledge of its birds we must refer to the papers of Eyton (20), Wallace (21), and 
various other ornithological writers. 

4 a. Andaman and Nicobae Islands, 

The two groups of islands in the of Bengal have of late years attracted con- 
siderable attention from naturalists. Fort Blair, in the Andaman Islands, having 
become the seat of an Indian penal settlement, has received visits from several 
excellent Indian workers who have made extensive collections, especially in Orni- 
thologj^ The most recent authorities upon the birds of the Andaman islands are 
Lord Walden (22), who has worked out the series forwarded to him by Lieut. 
W ardlaw Ramsay, and Mr. Vincent Ball, who has published in ‘ Stray Feathers ’ a 
complete list of all the birds known to occur in the Andaman and Nicobar grouts 
(23). 

5. East-Indian Islands. 

Up to arecent period the standard authority on the fauna of the East-Indian Islands 
was the great Dutch work on the zoology of the foreign possessions of the Netherlands 
Government ( 24), based upon the vast collections formed by Macklot, Muller, and 
other naturalists, and transmitted to the Leyden Museum. This has been supple- 
mented of late years by several works and memoirs of Dr. Schlegel, the eminent 
Director of that establishment and in paiticular by his ^ Mus^e des Pays-Bas ’ 
(25b which contains an account of that magnificent collection drawn up in a 
series of monographic catalogues. Up to this time, however, Dr. Schlegel has 
only treated of the class of birds, though at the present moment, I believe, he is 
engaged on a revision of Quadrumana. To the class of Fishes, and especially to the 
Fishes of the Islands and Seas in the East Indies, another Dutch naturalist, Dr. P. 
P. Bleeker, has for many years devoted great attention. Ilis memoirs and papers 
on the Ichthyology and Herpetology of the various islands and settlements are far 
too numerous to mention. But his ^ Atlas Ichtliyologique,’ his principal work on tlie 
Fishes of the Indian Seas (20), is one of great importance, and claims a special 
notice as embracing the results of the life-work of one of the most energetic and 
laborious of living naturalists. 

The travels of our countiwman, Mr. Wallace, in the Malay Archipelago are 
well known to the general public from his instructive and entertaining narrative 
(27), and to zoologists from the large collections which he made in every branch 
of natural history. It is a misfortune that no general account of the latter has over 
l^en prepared. But special articles on the birds of the Sula group to the east of 
Celebes (28), on those of Bouru (20), and on those of the islands ot Timor, Flores, 
and Lonibock (30), will be found in the Zoological Society’s ‘ Proceedings,’ besides 
other ornithological papers of Mr. Wallace referring more or less to this district. 

Of the Island of Cmebes we have acquired more intimate knowledge from the 
researches of Dr. A. B, Meyer, and from two excellent memoirs on its Ornithology, 
prepared by Lord Walden (31, 32). The adjacent territory of Borneo has likewise 
not escapea the attention of recent writers, an accomplished Italian author, Dr. 
Salvadon, having made it the subject of a special ornitnological essay (33). For 
animals of Java and Sumatra we have, unfortunately, no such recent authority, 
but must refer primarily in the one ca^ to Horsfield’s Zoolorical Researches (34), 
and in the other to Sir Stamford Rafflea’s Catalogue (35), sup^ementing in each case 
the deficiency by reference to various more recent books and memoirs. The fact is, 
that before we can attain precise notions as to the real zoological relations of these 
great islands, we require a much more complete research into their different faunas, 
and special moncM^phic essays upon them. So there is certainly no lack of useful 
work remaining mr the zoologist m this quarter. 

6. Philippine Abchipelago. 

In spite of the visits of Cuming, and more recently of Semper (30) and Jagor, 
there has been until very lately great want of a work for reference on the Vertelnates 
of the Fhilipiniie archipelago. This deficiency has been partly supplied by the 
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excellent essay published by Lord Walden in the ^ Transactions ^ of the Zoological 
Society, upon the Birds of the Philippines (87). Although based upon the collec- 
tions of Dr. A. B. Meyer, this memoir conteins a r^sum^ of all that is yet known 
upon the subject. It likewise points out the deficiencies in our present information, 
which, I need hardly add, are many and numerous. 

That our knowledge of the Mammal-fauna of the Philippines is also by no means 
perfect, will be sufliciently manifest when I recall to my nearers the fact that there 
xs now breeding in the Zoological Society’s Gardens a very distinct species of Deer *, 
quite unknown to all our Museums, which is undoubtealy endemic in one of the 
Philippine Islands. There is much want of more information on this subject, as 
also on the Keptiles and Fishes, although Dr. Peters has lately made us acquainted 
with many novelties from Jagor’s researches in these branches (38-40). 


IV. THE NEABOTIC KEGION. 

This part of my subject will be most conveniently treated of under two heads— 

1. North America doton to Mexico^ 

2. Oreerdandj — 

leaving Mexico to be spoken of as a whole under the Neotropical Region, although 
part of it undoubtedly belongs to the Nearctic. 

1. North America. 

a. Mammals , — The latest revision of the Mammals of North America is still that 
of Prof. Baird, contained in the Reports on the Zoology of the Pacific- Railway 
routes, published by the War Department of the U. S, in 1857 (1). I understand, 
however, that Dr. Elliott Cones is now engaged on a more perfect work, which will 
embrace the results of the large additions since made to our knowledge of this subject. 
The marine Mammals are not included in Prof. Baird’s revision ; and under this 
head I may notice two important works recently issued : — Dr. Allen’s memoir on 
the Eared Seals (2), which specially treats of the North-Pacific species,* and Capt. 
Scammon’s volume on the marine Mammals of the North-western coasts of Noil:!! 
America (3), which contains a mass of information relative to the little-known 
Cetaceans of the North Pacific. On the Bats of North America Dr. Allen has pub- 
lished a special essay in the ^Smithsonian Miscellaneous Collections ’ for 18C4 (4). 

Prior to the issue of these works Audubon and Bachman’s ^ Quadrupeds of North 
America ’ (5). published at New York in 1852, was the best book of reference. 

b. Birds oj NoHh America . — The American Ornithologists have been^ specially 
active of late years. Up to about 20 years ago, the recognized authorities upon 
the Birds of the United States were Wilson (01, Audubon (7), Bonaparte (8), 
and Nuttall (9). In 1856 Cassin’s * Illustrations ’ (10), chiefly devoted to tne species 
then recently aiscovered in Texas, California, and Oregon, appeared. In 1858 the 
joint work of Messrs. Baird, Cassin, and Lawrence, on the Birds of North America 
(11), forming part of the ‘ Pacific-Railway Routes,’ was issued. This was repub- 
lish^ with auditions as a separate work in 1860 (12) in two volumes, and still 
forms an excellent book of reference on American Birds. The List of autho- 
rities given at the end of the letterpress will be found extremely useful for those 
who require a guide to the literature of American Ornithology. But even this bids 
fair to be superseded by the more recent publications of our energetic fellow natu- 
ralists. In the first place, three volumes of a ‘ History of North-American Bi^,’ 
illustrated by plates and numerous woodcuts, by Messrs. Baird, Brewer, and Ridg- 
way (13), were issued last year j and two more volumes to complete the work will 
soon be ready. Then for those who require a handy book for reference nothing can 
be more convenient than Dr. Coues’s ‘•Key’ (14), in one volume, published in 
1872. The same energetic naturalist has also lately issued a Handbook of the 
Ornithology of the North-west (15), containing an account of the birds met with 
in the region drained by the Missouri and its ^butaries, amongst which he has had 
such long personal experience. Nor must I conclude the list without mentioning 

Cmm alfredii Sclater, P. Z. 8. 1870, p. 38 J, pi. xxviii. 
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Mr, B. G. Elliot’s ‘ Birds of North America’ (10), which contains life-sized illus- 
trations of many rare and previously unfigured species, and Cooper’s ^ Birds of Cali- 
Ibmia ’ (17), devoted to an account of the birds of the Pacific coast-region, which 
has been edited by Prof. Baird from the late Mr. Cooper’s MSS. Of the last-named 
work, however, only the first volume is yet published. It will be thus seen that 
we have ample means of acquiring the most recent information on the birds of the 
Nearctic liegion j and in fact in no part of the world, except Europe itself, is our 
knowledge of the endemic Avifauna so nearly approaching towards completion. 

c. MeptUes and Batrachiam of North Holbrook’s ‘North American Rep- 

tiles,’ in five quarto volumes, published at Philadelphia in 1842-4 (18), contains 
coloured figures of all the Nortn-American Reptiles and Batrachians known to the 
author, and is a trustworthy work. A large amount of information has been acquired 
since that period, and published in the various “ Railroad Reports” and periodicals by 
Ilallowell, Baird, Cope, and others. In 1853 Messrs. Baird and Girard published a 
catalogue of North- American Sei*pents (19); and Prof. Agassiz devoted the 
first volume of his ‘Contributions’ (20) mainly to the Testudinata of North 
America. Prof. Baird tells me that Prof. Cope is now engaged in printing a 
new catalogue of the Reptiles and Batrachians of North America, which will 
contain an enumeration of all the species and an account of their geographical 
distribution. 

d. Fishes of North America . — On the Fishes of North America there is up to the 
present time no one authority, and the inquirer must refer to the various works of 
Cope (21), Agassiz (22), and Girard (23) for information. This, aided by the 
copious references in llr. Gunther’s well-known Catalogue (24), he will have little dif- 
ficulty in obtaining, so far as it is available. But the “ History of American Fishes ” 
is still to be written ; and I have no doubt that our energetic brethren of the United 
States will before long bring it to pass. 

2. Greenland. 

Of Greenland, which is undoubtedly part of the Nearctic Region, I have made a 
separate section, in order to call special attention to the ‘ Manual ’ for the use of 
the Arctic Expedition of 1875, prepared under the direction of the Arctic Committee 
of the Royal Society (25). A r^sum^ of all that is yet known of the biology of 
Greenland is included in this volume. I may call special attention to the article 
on the Birds by Prof. Newton, and on the Fishes by Dr, Lutken, both prepared 
snocially for this work. I am sure you will all |oin with me in thanking the present 
(tovernment for sending out this new Expedition so fully prepared in every way, 
and in hoping that large additions may be made to the store of information already 
accumulated in the ‘ Manual.’ 


V. THE NEOTROPICAL REGION. 

The Neotropical Region is, I suppose, on the whole the richest in animal life of 
any of the principal di^sions of the earth’s surface*. Much work has been done in 
it as regards every branch of zoology of late years ; and I must confine myself to 
noticing the most recent and most important of the contributions to this branch of 
knowl^ge. 

I believe the following to be altogether the most natural subdivisions of this Region, 
which are nearly as they are set forth in Hr. v. Pelzeln’s ‘ Ornithology of Brazil.’ 

1. The CmtredrAmerican Stthregionj from Southern Mexico to Panama. 

2. Andeasi or Cokimhian Subregiony from Trinidad and Venezuela, along the 
chain of the Andes, through Columbia, Ecuador, and Peru, down to Bolivia. 

S. The Amazonian mbregioHy embracipg the whole watershed of the Orinoco 
and Amazons up to the hills, and including also the highlands of Guiana. 


* A general sketch of the Mammal-life of this Region is given in my article on the 
Mammals of South America, in the ‘Quarterly Journal of Science’ for 1865 (1). A 
systematic list of all the species of birds of the Neotropical Region is given in Solater 
and Balvin’s ‘Nomenolator Avium Neotropioaliam/ London, 1873 (2). 
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4. Tim Soutli-Brazilian Subregion^ containing tlie wood-region of S.E. Brazil and 
Paraguay and adjoining districts. 

5. The Patagonian Sithregim^ containing Chili, La Plata, Patagonia, and tho 
Falklands, 

Besides these we have 

0. The Oalapagon, which, whether or not they can he assigned to any other Sub- 
region, must be spoken of separately. 

1. The Central American Subregion 

was, np to twenty years ago, very little Imown, but lias recently been explored in 
nearly every part, and is perhaps now more nearly worked out than any other of 
the above-mentioned Subregions. There is, however, as yet no complete work on 
the zoology of any portion of it; and the discoveries of Sall^, Boucard, de Saussure, 
and Sumichrast in Mexico, of Salvin in Guatemala, of v. Frantzius and Hoflman in 
Costa Rica, of Bridges and Arcd in Veragiia, and of M^Leannan in Panama, together 
with those of numerous other collectors, are spread abroad among the acientiilo 
periodicals of Europe and America. Even of Mexican zoology, long as it has been 
more or loss known, we have no general account. To mention all these memoirs 
in detail * would be impossible within the limits of this address ; but I will say a 
few words about the more important of them that have lately appeared. 

The French are now publisning a work on the results of their scientific expedition 
to Mexico during the short-lived Empire. Three parts on the Reptiles, by J)umdril 
and Bocourt, were issued in 1870 ; and a pai’t on the fishes, by Vaillant ana Bocourt, 
has recently appeared (86). 

A paper on the Mammals of Costa Rica has lately been published by v. Frantzius 
in Wiegmann’s Archiv (86). Unfortunately, it seems to have been drawn up mainly 
from notes, without reference to the specimens in the Berlin Museum, but neverthe- 
less contains much that is useful and of interest. 

Dr, Gunther’s admirable memoir of the Fishes of Central America, published in 
the Zoological Society’s Transactions in 1809 (37), is based upon the collections 
made by Cant. Dow in various parts of the coast, and by Messrs. Salvin and God- 
man in the n*e8hwater lakes of the highlands of Guatemala and in other localities. 
Its value in relation to our general knowledge of the fishes of this portion of 
America, heretofore so imperfectly known, can hardly he overestimated. 

As regards the Birds of Central America, it is much to be regretted that we have 
at present no one authority to refer to. The collection of Messrs. Salvin and Godman 
embraces very large series from different parts of this redon, and together with those 
of my cMlection, wherein are the types of the species described in my own papers, 
would afford abundant materials for such a task. Mr. Salvin and I have often 
formed plans on this subject ; and I trust we may before long see the results of them. 
A simihu memoir on the Mammals of Central America is likewise of pressing 
necessity for the better imderstanding of the Neotropical Mammal-fauna. There 
are considerable materials available for this purpose in the collections sent by Salvin 
and Arc4 to the British Museum ; and I hope that some naturalist may shortly be 
induced to undertake this task. 

♦ Some of the more important are M. de Saussure’s papers on the Mammals of 
Mexico in the ‘Revue Zoologique’ for 1860 (3), sixteen papers by myself on the birds of 
Mexico, published in the Zwlomoal Society s ‘ Proceedings’ (4-19), two by myself and 
Mr. Salvm on the same subject (^, 21), Dr. O. Finsch’s article on some birds from North- 
western Mexico, published at Bremen in 1871 (22), Prof. Sumichrast’s notes on the birds 
of Vera Orus, publidbed nib Boston in 1869 (23), and Mr. Lawrence’s memoir on the birds 
of North-western Mexico in the second volume of the Boston Society’s memoirs (24). As 
regards Guatemala, consult ‘ The Ibis ’ for 1859 and 1860, “ Sclater mid Salvin ” (25. 26), 
and 1866 and 1866, “ Salvin” (27, 28) ; for Honduras see G. C. Taylor in ‘ Ibis ’ 1860 (29); 
for Costa Rica consult Cabaois, Joum. f. Om. 1860 (30), Mr. Lawrence’s catalogue of 
Costa-Itican birds (31), and Mr. Salvin’s remarks on it in ‘ Ibis,’ 1869 (32). For Cmriqui 
refer to Mr. Salvin’s memoirs (33) in P. Z. S. For Panama see Mr. Lawrence’s Catalogue 
(Annu L. N. York), and Messrs Sclater and Salvin’s paper in P. Z. S. 1864 (34) 
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2. The Andean oh Columbian Subbbgion. 

Of this extensile subremon, which traverses six or seven different States, there is 
likewise no one zoological account ; but I may mention some of the principal works 
lately issued that bear upon the suWect. L4otaud’s ‘ Birds of Trinidad ’ (38) ^ve 
us an account of the ornithology of that island, which forms a kind of appendage 
to this subregion j and Dr. Finsch has more recently published ^9) a supplemen- 
tary notice on the same subject. Of Venezuela, Columbia, and Ecuador there are 
only scattered memoirs in various periodicals on the numerous collections that 
have of late years been made in those countries to be referred to. Several 
excellent collectors are now, or lately have been, resident in these republics — Herr 
Goring and Mr. Spence in Venezuela*, Mr. Salmon in Antioquia, Professor 
Jameson and Mr. Fraser in Ecuador f — whose labours have vastly added to our 
knowledge of the zoology of these districts. "When we come to Peru, we have 
Tschudi’s ^ Fauna Peruana ^ (55) to refer to, which, though unsatisfactory in exe- 
cution, contains much of value J. How far from being exhausted is the rich fauna 
of the Peruvian Andes, is sufficiently manifest from the wonderful discoveries 
lately made by Jelski in the district east of Lima, which was in fact that princi- 
pally investigated by Tschudi. Of these, M. Taczanowski has lately given an account, 
as regards the birds, in the Zoological Society’s ^Proceedings’ (^) ; and Dr. Peters 
has published several notices of the more remarkable Mammals and Reptiles(61-62). 

Further south, in Bolivia, our leading authority is still the zoological portion of 
D’Orbigny’s ‘ Voyage dans I’Am^rique Mdridionale ’ (63). This rich ana most in- 
teresting district has, it is true, been visited by several collectors since D’Orbigny’s 
timej but the results of their journeys have never been published in a connected 
form, though many of their novelties have been described. Bolivia, I do not 
doubt, still contains many new and extraordinary creatures hid in the recesses of its 
mountain-valleys ; and there is no part of South America which I should sooner 
suggest as a promising locality for the zoolo^cal collector. 

• 8. The Amazonian Subhegion. 

On Guiana, where the Amazonian fauna seems to have had its origin, we have a 
Standard work in Schomburgk’s * Reisen,’ the third volume of which, containing the 
Fauna, was drawn up by the Naturalists of the Berlin Museum (6^. For the 
valley of the Amazons itself, the volumes of Spix and Martius (^), though 
not very accurat^ and rather out of date, must still be referred to — as likewise 
the Zoology of Oastelnau’s * Expedition dans I’Amerique du Sud ’ (66), for the 
natural history of the Peruvian confluents. As regards the Birds, however, we 
have several more recent authorities. In 1873 Mr. Salvin and I published Jn the 
Zoolorical Society’s 'Proceedings ’ a resume of the papera treating of Mr. E. Bartlett’s 
and Mr. John Hauxwell’s rich ornitholo^cal collections on the Huallaga, Ucayali, 
and other localities in Eastern Peru (67-74). In 1867 we communicated to the same 
Society au account of Mr. Wallace’s collection of birds made near Para (75), 
and took occasion to deduce therefroifi some general ideas as to the relations of the 
Avifauna of the* Lower Amazons. 

As regards the valleys of the two great confluents of the Amazons, the Rio Ma- 
deira on the right hank, and the Rio Negro on the left bank of the mighty river, our 
knowledge of these Avifaunas is mainly due to the researches of Johann Natterer — 
one of the most successful and energetic zoological collectors that ever lived — of 
whose discoveries in ornithology a complete account has lately been published 
by Hr. A. v. Pelzeln, of Vienna (76). It is much to be wished that a similar 
risumd of Natterer’s discoveries and collections of Mammals^ in which Glass his 
inves^ations were of hardly less importance, could be given to the world ; and I 
trust Herr v. Pelzeln will forgive me if I press this subject on his attention. 

The Fishes of the Amazons and its confluents are many and various, and fully 
deserve a special monograph. The late Professor Agassiz made his well-known 

See on these collections seven papers by Sclater and Salvin in P. Z. S. (40-46). 
t See eight papers by Selater in P. Z, S. 1858-60 (47-h4). 

} See also Solater’s papers on Prof. Nation’s oolleotions (56-59). 
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expedition unthe Amazons in 1865, with the particular object of studying its fishes, 
and amassed enormous collections of specimens for this purpose Wnether (as 
other naturalists have hinted) Professor Agassiz’s estimate of the number of new 
and undescribed species contained in his collections was exag^gerated or not is 
at present uncertain, as the specimens unfortunately lie unstudied in the Museum 
of Comparative Zoology at Cambridge, Mass. It is a thousand pities this state of 
things should continue ; and I venture to suggest to the great Professor’s numerous 
friends and admirers in the United States that no more appropriate tribute to his 
memory could be raised than the publication of a Monograph of Amazonian Rshes 
based on these collections f. 

4. The South-Bbaztlian Subregion. 

This subregion, which embraces the wood-region of S.E Brazil and adjoining 
districts, and contains in nearly every branch of zoology a set of species and genera 
allied to but separable from those of the Amazonian Subregion, has been much fre- 
quented by European naturalists. Its productions are consequently tolerably well 
known, though there is even here still very much to be done. Burmeister’s 
^ Svstematische Uebersicht’ (77) and ^ Erlauterungen ’ (78) may be referred to for 
information on its Mammals and Birds — ^likewise Prince Maximilian of Neu-Wied’s 
‘Beitrage’ (79), which, although of old standing in point of date, is still of great 
value. The late Dr. Otto Wucherer, a German physician resident at Bahia, paid 
much attention to the Reptiles of that district, and has written an account of its 
Ophidians, which will be found in the Zoological Society’s ^ Proceedings ’ (80). 

Hr. Hensel has also recently published in Wiegmann’s ^Archiv ’ valu^le memoirs 
on Mammals and other Vertebrates collected in South Brazil (81, 82), which 
should be referred to. Prof. Reinhardt has lately completed an excellent account 
of the Avifauna of the Campos of Brazil, based on his own collections and those 
of Dr. D. W. Lund (83) ; and Hr. v. Berlepsch has treated of the Birds of Santa 
Catharina (84). These are all most useful contributions to our knowledge of 
this Subregion. But it is melancholy to think that although a (soi-disant) highly 
civilized European race has occupied the Brazilian Empire so long, and has 
introduced railways, steamboats, and many other of tlie appliances of modern 
Europe, there has never, so far as I know, been produced amongst them any one 
single memoir worthy of mention on the teeming ^^ariety of animal life that 
everywhere surrounds their dwellings. 

For information on the animals of Paraguay wo must still refer to the writings 
of Don Felix de Azara (85), and to Dr. Hartlaub’s reduction of his Spanish terms to 
scientific nomenclature (86), As regards the Mammals, there is also the more recent 
work of Rengger (87). But modem information about this part of the South- 
Brazilian Subregion would be very desirable. 

5, The Patagonian Subregion, 

For the zoology of the Argentine Republic, which forms the northern portion of 
this subregion, tne best work of reference is the second volume of Dr. Burmeister’s 
*La Plata-Reise’ (^), which contains a complete synopsis of the Vertebrates. 
Dr. Burmeister, who is now resident at Buenos Ayres as Director of the Public 
Museum of that city, has lately devoted himself to the study of the extinct Mammal- 
fauna, and specially to that of the Glyptodont Armadillos, of which he has lately 
completed a splendidly illustrated Monogr^h (89). He has likewise been the 
chief adviser of the Government in their plans for recognizing the University of 
Cordova, which will ultimately no doubt do much for the cause of Natural science 
in the Argentine Republic. Mr. W. H. Hudson, of Buenos Ayres, has long studied 
the birds and other animals of that count:pr, and deserv^ honourable mention in a 
country where so few of the native-born citizens pursue science. His bird-collections 

* See ‘Travels in Brazil,’ by Prof, and Mrs, Louis Agassiz : Boston, 1868. 

t Mr. Alexander Agassiz informs me that these collections are not so entirely unworked 
as I had supposed when tins address was read. Dr. Steindachner has bwn throi^h them ; 
and Mr. Putnam has announced a “ Catalogue of the Agassiz Collection of Fishea ” as 
preparing for publication. 

1875. 
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have been worked out by Mr. Salvin and myself (00-92) j and Mr. Hudson has like- 
wise published a series of interesting notices on the habits of the species (93-100). 

The ‘ideology of the Voyage of the Beagle’ (101) coniains much information 
concerning the animals of La Plata, Patagonia, and Chili. The Mammals ” by 
Waterhouse, the ** Birds” by Gould and G. R. Gray, the “ Fishes” by Jenyns, and 
the “ Reptiles ” by Bell, illustrated with notes and obseiwations of Mr. Darwin, will 
ever remain among the leading authorities on the animals of this part of America. 
Gn the Rio Negro of Patagonia, where Hr. Darwin made considerable collections, 
We have a more recent autnority in Mr. W. H. Hudson, whose series of birds from 
this district was examined by myself in 1872 (102). 

Dr. R. 0. Cunningham has recently followed on the footsteps of Mr. Darwdn in 
Patagonia,^ and, besides his journal of travels, has published notes on the animals 
met with, in the Linnean Society’s ‘ Transactions ’ (103). Mr. Salvia and I have 
given an account of his ornithological collections in several papers in ^ The Ibis’ 
(104). 

As regards the Falkland Islands, two excellent collectors and observers — Capt. 
Packe and Capt, Abbott — have of late ^^oars been stationed there, and have pro- 
vided the means of our becoming well acquainted with the native birds. Their 
collections have been examined by Mr. Gould and myself (105, 106) j and Capt, 
Abbott has furnished many valuable notes on their contents (107). 

Lastly, os regards Chili, we have Gay’s somewhat pretentious ‘ Fauna Chilena,’ 
forming the zoological portion of his ‘Ilistoria Fisica y Politica de Chile.’ The 
volume on the Mammals and Birds was compiled at Paris by De.smur8, and that on 
the Reptiles and Fishes by Giucbenot ; but thev are not very trustworthy. The 
German naturalists of the National Museum of Santiago, Philippi and Landbeck, 
have of late years published in Wiegmann’s ‘ Archiv ’ many memoirs on the zoology 
of the Chilian Republic, of which I have given a list in a paper on the Birds of Chili 
in the Zoological Society’s ^Proceedings’ for 1867 (108j. More recently Messrs, 
Philippi and Landbeck have published a catalogue of Chilian birds in the ^ Anales 
de la Universidad de Chile ’ AOO). But Mr. E. C. Reed, C.M.Z.S., who is likewise 
attached to the museum of Santiago, writes me word that he is now engaged in 
preparing for publication a complete revision of the Vertebrates of the Republic, 
which will no doubt give us still better information on this subject. 

G. GALArAGOS. 

tJntll recently our knowled^ of the Very singular fauna of the Galapagos was 
mainly based upon Mr. Darwin’s researches, as published in the ‘ Zoology of the 
Beagle,’ above referred to. Recently, however, Mr. Salvin and I have described some 
new species of birds from these islands from Dr. Habel’s collection (110) f and Prof. 
Sundevoll has published an account of the birds collected there during the voyage 
of the Swedisn frigate * Eugenie’ in 1852 (111). Mr, Salvin has likewise pre- 
pared and read before the Zoological Society a complete Memoir on the Omi- 
thology of the Galapagoan Archipelago, which will shortly be printed in the 
Society’s ^Transactions? Much interest has also been recently nianifested con- 
pining the gigantic Tortoises of the Galapagos, which Dr. Gunther has reason to 
believe belong to several species, each restricted to a separate island*. Indeed 1 
am much pieced to hear tnat the Lords of the Admiralty, incited by Dr* Gunther’s 
requests, have despatched H.M.S. < Tenedos ’ of the Pacific squadron from Panama 
to the Galapagos, for the express purpose of capturing and bringing to England 
ftpeeimens oi the Tortoises oi each of the islanas. We may therefore hope to be 
shortly more accurately informed upon this most interesting sulgect. 

Va. TIIE ANTILLEAN SUBREGION. 

The study of the fauna of the West-India Islands p^ents proMems to us of the 
greatest interest first, on account of the relics of an ancient and primitive fauna 
which fure found there, as indicated by the presence of such types as 
DtOmi oAd Stmmmi j and, secondly, from the many instances of repwsentatlva 
* See ‘ Nature,’ vol. xii. p, 238 (1876). 
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Species replacing each other in the different islands. Much, it is true, has been 
done towards the working-out of Antillean faunas of late years ; but much more 
remains to be done ; and indeed it is scandalous that there should be many islands 
under the British rule of the Zoology of which we are altogether unacquainted. 
The greater activity of our Botanical fellow-labourers has suppli^ us with a handy 
volume of the Botany of these islands * ; and it is by no means creditable to the 
Zoologists to remain so far behind in this as in other cases already alluded to. 
Within the compass of the present address it would not be possible for me to 
enumerate all our authorities upon Antillean zoology j but I will mention some of 
the principal works of reference under the following heads ; — 


1. The Bahamas, 

2. Ctiba. 

3. Jamaica, 


4. Haiti. 

5, Polio Rico. 

0. The Lesser Antilles. 


1. The Bahamas. 

The late Br. Bryant has published, in the ^Boston Journal of Natural History,’ 
several articles upon the Birds of tlie Bahamas, whore he passed moi*e than one 
winter (112). These islands, however, merit much more minute investigation 
than has as yet been bestowed upon them. 

2. Cuba. 

Ramon de la Sagra's ^ Hisloria Fisica y Politica de Cuba ’ (113), and Lembeye’s 
^ Aves de la Isla de Cuba ’ (114), were iip to a recent period our chief authorities 
upon Cuban zoology. But Cuba has long had the ad\ antage of the residence 
within it of an excellent naturalist, Bon Juan Gundlach, who has laboured hard 
towards the more complete investigation of its remarkable zoology. We are indebted 
to him for collecting the specimens upon which Br. Cabanis based his revision of 
Cuban Ornithology, published in the ^Journal fur Ornithologie ’ (115), as also for 
a tabular list of Cuban Birds, published in the same journal for 1831 (116), and for 
several supplements thereto — fur the more recent reviews of the Mammals and 
Birds of the island, published in the first volume of Poey’s ‘ Kepertorio ’ — and for 
many other contributions to the natural histo^^ of Cuba. This last-named work 
(117), os also the previous ^ Memorias sobre la historia natural de la Isla de Cuba’ of 
the same author (118), contain a number of valuable contributions to our knowledge 
of the rich fauna of this island, and should be carefully studied by those who are 
anxious to become acquainted with the peculiarities of the Cuban fauna. 

3. Jamaica, 

Mr. Gosse’s meritorious work on the Birds of Jamaica (116), and his ‘Naturalist’s 
Sojourn’ (120), are still the main source of our information on the fine island of 
Jamaica", and very little has been done since his time. A young English naturalist, 
Mr. W. Osburn, "made some good collections in Jamaica in 1800, of which the 
Mammals were worked out by Mr. Tomes (121), and the Birds by myself (122). Mr. 
W. T. March has also more recently sent good series of the birds of the island to 
America ; and Prof. Baird has edited bis excellent notes on them (123). I must not 
lose the opportunity of calling special attention to the Seals of the Antilles 
[Momckm tropicaUs and C^siopkora antillamm of Gray), of which^ so far as I 
know, the only specimens existing are the imperfect remains in the British Museum 
brought home by Mr. Gosse. hlore knowledge about these animals (if there be 
really more than one of them) would be very desirable. 

4 . Haiti, 

Of tbls large island very little more is known as regards its zoology than was the 
case in the days of Buffon and Vieillot. Of its Birds alone we have a recent account 
in a paper wmch t prepared in 1857, upon M. Salle’s collection (124), and in a 
more recent memoir drawn up by the late Br. Bryant, and published in the ‘ Pro- 
ceedings ’ of the Boston Society of Natural History (125)* 

♦ Grieebach’s * Flora of the West Indies.* 
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6, Porto Rico. 

Nearly the same story holds good of this Spanish island, of which our only 
recent news relates to the Birds, and consists of two papers — one by Mr. E. C. 
Taylor in ‘ The Ibis,^ for 1864 (126), and the other by the late Dr. Bryant, in the 
journal above mentioned (127). 


6. The Lemr Antilles, 

As I remarked above, every one of the numerous islands, from Porto Pico 
down to Trinidad, requires thorough examination. It is indeed strange that no one 
has yet been found to undertake this interesting task, which might easily be per- 
formed by excursions during the winter months of a few succeeding years. 

As regards the Ornithology of these islands, the subjoined summary of what we 
really know and do not know is mainly taken from a paper on the Birds of Santa 
Lucia, which I read before tlie Zoological Society of London in 1871. 

1. The Virgin Islands . — Of these islands we may, 1 think, assume that we have 
a fair acquaintance with tlie birds of St. Thomas, the most frequently visited of the 
group, and the halting-place of the West-Indian Mail-steamers. Mr. Riise, who 
was long resident here, collected and forwarded to Europe many specimens, 
some of which were described by myself*, and others are spoken of by Prof. 
Newton in a letter nublished in ^ The Ibis ’ for 1860, p. 307. Mr. Riise’s 
series of sldns is now, 1 believe, at Copenhagen. Frequent allusions to the birds 
of St. Thomas are also made by Messrs. Newton in tlieir memoir of the birds of 
St. Croix, mentioned below. In the ^ Proceedings of the Academy of Natural 
Sciences of Philadelphia ’ for 1860 (128), Mr. Oassin has given an account of a 
collection of birds made in St. Thomas by Mr. Robert Swift, and presented to the 
Academy f twenty-seven species are enumerated. 

Quite at the extreme east of the Virgin Islands, and lying between them and the 
St-Bartholomew OTOup, is the little islet of Sombrero, a naked rock about seven 
^i^ths of a mile long, twenty to forty feet above the level of the sea, and from a 
few rods to about one third of a mile in width.” Although ^Hhere is no vegeta- 
tion whatever in the island over two feet high,” and it womd seem a most unlikely 
place for birds, Mr. A, A. Julien, a correspondent of Mr. Lawrence of New York, 
succeeded in collecting on it specimens of no less than thirty-five species, the 
names of which, together with Mr. Julien^s notes thereupon, are recorded by Mr. 
Lawrence in the eighth volume of the ^Annals of the Lyceum of Natural History 
of New York ^ (129). 

The remaining islands of the Virgin group are, I believe, most strictly entitled 
to their name so far as Ornithology is concerned ; for no collector on record has ever 
polluted their vim^n soil. Prof. Newton (Ibis, 1860, p. 307) just alludes to some 
mrds from John in the possession of Mr. Riise. 

2. St. Croix. — On the birds of this island we have an excellent article by Messrs. 
A, and E. Newton, published in the first volume of ^ The Ibis ’jf (180). This memoir, 
being founded on the collections and personal observations of the distinguished 
authors themselves, and having been worked up after a careful examination of 
their specimens in England, and with minute attention to preceding authorities, 
forms by far the most complete account we possess of the ornithology of any one 
of the Lesser Antilles. It, however, of course requires to be supplemented by 
additional observations, many points having been necessarily left undetermined ; 
and it is much to be regretted that no one seems to have since paid the slightest 
attention to the subject. 

S. AngmUuj St. Martin,^ and St. Baiiholoniew. — Of this m’oup of islands St. 
Bartholomew alone has, as far as I know, been explored ornithologically, and that 
within a very recent .period. In the Royal Swedush Academy’s ^Proceedings ’ for 
1869 will be found an excellent article (131), by the veteran ornithologist Prof. 
Sundevall, on the birds of this island, founded on a collection made by Dr. A. von 
Goes, The species enumerated are forty-seven in number. 


♦ Ann. N. H. ser. 3, vcd. iv. p. 226 ; and P. Z, S. 


1860, p. 314. 



TRANSACTIONS OF THIS SECTIONS. 


109 


4. Barbuda, — Of this British island I believe I am correct in saying that nothing 
whatever is known of its ornithology, or of any other branch of its natural history. 

6. St, Christophei' and Nevis, which may bo added the adjacent smaller islands 
St. Eustathius and Saba. — Of these islands also our ornithological knowledge is of the 
most fragmentary description. Mr. T. J. Cottle was, I believe, formerly resident 
in Nevis, and sent a few birds thence to the British Museum in 1839. Amongst 
these were the specimens of the Humming-birds of that island, which are men- 
tioned by Mr. Gould in his well-known work. Of the remainder of this group of 
islands we know absolutely nothing. 

• 0. Antigua. — Of this fine British island, I regret to say, nothing whatever is 

known as regards its ornithology. Amongst the many thousands of American 
birds that have come under my notice during the past twenty years, I have never 
seen a single skin fi’om Antigua. 

7. Montserrat. — Exactly the same as the foregoing is the case with the British 
island of Montserrat. 

8. Guadeloupe, Deseadea, and Marie-galante, — An excellent French naturalist, 
Br. I’Herminier, was for many years resident as physician in the island of Guade- 
loupe. Unfortunately, Dr. rilerminier never earned into execution the plan which 
I believe he contemplated, of publishing an account of the birds of tnat island. 
He sent, however, a certain number of specimens to Paris and to the late Baron de 
Lafresnaye, to whom we are indebted jfor the only article ever published on the 
birds of Guadeloupe (132), or of the adjacent islands. 

9. Dominica. — Bominica is one of the few of the Caribbean islands that has had 
the advantage of a visit from an active English ornithologist. Although Mr. E. C, 
Taylor only passed a fortnight in this island in 1863, and had many other matters 
to attend to, he nevertheless contrived to preserve specimens of many birds of very 

f reat interest, of which he has given us an account in one of his articles on the 
irds of the West Indies, published in ^ The Ibis ’ for 1864 (126). It cannot be 
supposed, however, that the birds of this wild and beautiful island can have been 
exhausted in so short a space of time, even by the energetic efforts of oui* well- 
known fellow- labourer. 

10. Martinique. — This island is one of the few belonging to the Lesser Antilles 
in which birdskins are occasionally collected by the residents, and find their way 
into the hands of the Parisian dealers. There are also a certain number of speci- 
mens from Martinique in the Museum d’Histoire Natiirelle in the Jardin des Plantes, 
which I have had an opportunity of examining ; but, beyond the vague notices 
given by Vieillot in his ‘ Oiseaux de I’Am^rique Septentrionale,’ I am not aware 
of any publication relating specially to the ornithology of this island. Mr. E. C. 
Taylor passed a fortnight m Martinique in 1863, and has recorded his notes 
upon the species of birds which he met with in the article which I have 
mentioned above ; but these were only few in number. The International 
Exhibition in 1862 contained, in the department devoted to the products of the 
French colonies, a small series of the birds of Martinique, exhibited by M. 
B<51anger, Director of the Botanical Garden of St. Pierre m that island* (133). 
This is all the published information I have been able to find concerning the 
birds of Martinique t* 

11, St. Lucia. — Of this island I gave an account of what is known of the birds 
in a paper published in the Zoological Society's ^ Ihticeedings ' for 1871, based upon 
a collection kindly forwarded to me by the Rev. J. E. Semper (134). Mr. Semper 
subsequently communicated some interesting notes on the habits of the species 
(135). 

12. St. Vincent. — St. Yincent was formerly the residence of an energetic and 
most observant naturalist, the Rev. Lansdown Guilding, F.L.S., well-known to 
the first founders of the Zoological Society of London, who, however, unfortunately 
died at an early age in this island without having carried out his plans for a ^ Fauna 
of the West Indies.' Mr. Guilding paid most attention to the invertebrate animals ; 

* See article on Ornithology in the Intematioual Exhibition, ‘ Ibis,' 1862, p. 288. 
t On anunalfi formerly Uvine in Martinique but now extinct, see Onyon, ' Compt. Send.' 
lxiii.p. 689 (1866). 
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but his collections contained a certain number of birds, amongst which was a new 
Parrot, described after his decease by Mr. Vigors as FsUtaous guMingiij which is 
a native of St Vincent. 

13, Grmada md ike Qrmadine&^’-^Oi the special ornithology of this group 
nothing is known. 

14. Marbadoes , — The sole authority ♦ upon the birds of Barbadoes is Sir B. Schom- 
burgk^s well-known work on that ialana (130). This contains (p. 681) a list of 
the birds met with, accompanied by some few remarks. It does not, however, 
appear that birds attracted much of the author’s attention ; and more copious notes 
would be highly desirable. 

16, Tobago f 1 believe, belongs zoologically to Trinidad. Sir W, Jardine has 
given us an account of its ornithology from ]\lr. Kirk’s collections (137), 

VI. THE AUSTRALIAN BEGION. 

Of the Australian Region I will speak in the following Subdivisions 

1. Australia and Tasmania. 

2. Papua and the Papuan Islands. 

8. The Solomon Islands. 

1. Australia and Tasmania. 

That we know more of the fauna of Australia than of other English colonies in 
different paints of the world is certain ; but no thanks are due from us for this 
knowledge either to the Imperial or to any of the Colonial Governments. The 
unassisted enterprise of a pnvate individual has produced the two splendid works 
upon the Mammals and Birds of Austi’alia which we all turn to with pleasure 
whenever reference is required to a member of these two classes of Australian 
animals. Mr. Gould’s ^ Mammals of Australia ’ was completed in 1863 (1). Since 
that period the little additional information received respecting the terrestrial 
Mammals of Australia has been chiefly furnished by Mr. Krefil of the x^ustralian 
Museum, Sydney, in vmious papers and memoirs. Mr. Krefft has also written the 
letterpress to some largo illustrations of the ^ Mammals of Australia,’ by Miss 
H. Scott and Mrs. 11. Forde (2), in which a short account of all the described 
species is gi\en. On tbe marine Mammals, which were scarcely touched upon by 
Mr, Qoula, we have a treatise by Mr, A. W. Scott (3) published at Sydney in 
1873, which contains a good deal of useful information concerning the Seals and 
Whales of the Southern Hemisphere f. 

The magnificent series of seven volumes of Mr. Gould’s ^ Birds of Australia’ (4) 
was flnislied in 1848. In 1869 a supplementary volume was issued, containing 
similar full-sized illustrations of about species. In 1865 Mr. Gould reprinted 
in a quarto form, with additions and corrections, the letterpress of his great work, 
and publidied it under the title of a ^ Handbook to the fcrds of Australia ’ (5). 
This makes a convenient work for general reference. Of two Colonial attempts 
to rival Mr. 'Gould’s series I cannot speak with much praise. Neither Mr. Diggles’s 
^Ornithology of Australia’ (6) nor Mr. Halley’s proposed ^Monograi^ of the 
Australian, raxrots’ (7) are far advanced towards conclusion} indeed or the last- 
mentioned work I have seen but one number. 

Several large collections of birds have been made in the peninsula of Cape York 
and adjoining districts of Northern Queensland of late years ; and it is a misfortune 
for science that we have had no complete account of them. One of the largest of 
these, however, made by Mr, J. T, Cockerell, has luckily fallen into the hands of 
Messrs. Salvin and Godman, and will, 1 tnist, be turned to better uses than the 
filling of glass oases and the ornamentation of ladies’ hats. 

It seems to me that there is still much to be done even in Birds in Northern 
Australia} And I cannot help thinking that Port Darwin, the northern exti'emity 

* A short note on a small collection of birds from Barbadoes was also published by 
me in the P. Z. S. 1874, p. 174 (138). 

t A general view of the Hammal-ihuna of Australia is given in an article which I pub- 
lished in the ‘ Quarterly Journal of Science’ for 1865, p. 213. 
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of the trana*conii»0ntal Telegraph, would be an excellent station for a collecting 
naturalist, and one where many novelties, both zoological and botanical, would 
certainly be met with, 

On the Snakes of Australia we have an excellent work, published in 1869, by Mr. 
Gerard Krefft (8), one of the few really working Australian naturalists, who, how- 
ever, it appears, is not appreoiated by the Trustees of the Sydney Museum as he 
deserves to be, Mr, Krefft during his long residence in Sydney, UM become well 
acquainted with the Ophidians of the Colony and has devoted special attention to 
them, so that he has the advantage of practical as well as scientific acqu^tance 
with his subject. The late l)r. Gray has written many papers on the Tortoises and 
Lizards of Australia, Of the latter, we have to thank l)r. Gunther for a complete 
monographic list just published in one of the newly issued numbers of the ‘Voyage 
of the Erebus and Terror’ (9). Most of the plates of this work were also issued 
ill 1807 by Dr. Gx'ay in his Fasciculus of the Lizards of Australia and New 
Zealand (10). 

For information on the Fishes of Australia reference must be made to the 
Ichthyological portion of the ‘Zoology of the Erebus and Terror,’ by Sir John 
Richardson (9), and to the same author’s numerous papers on Australian Fishes 
in the ‘Annals of Natural History ’ and ‘Transactions ’ and ‘Proceedings’ of the 
Zoological Society of London (11-15). The Count F. de Oastelnau, who seems to 
be almost the only working Ichthyologist in Australia, has recently published in. 
the ‘Proceedings of the Zoological and Acclimatization Society of Victoria’ several 
papers on the Fishes of the Melbourne Fish-market and of other parts of Australia, 
which include a complete synopsis of the known Australian species (16-24), 

2, Papua and its Islands. 

I believe that my paper upon the Mammals and Birds of New Guinea, published 
bv the Linnean Society in 1868 (25), was the first attempt to put topther the 
scattered fragments of our knowledge of this subject. In 1859 a British-Museuni 
Catalogue by Dr. J. E. and Mr. G. K. Gray (20), gave a resume of the then known 
members of the same two classes belonging to New Guinea and the Aru Islands, 
and included notices of all Mr. Wallaces discoveries. In 18(52 Mr. Wallace gave 
descriptions of the new species discovered subsequently to his return by his 
assistant, Mi*. Allen (27). In 1806 Dr. Einsch published at Bremen an excellent 
little essay called ‘Neu-Guinea und seine Bewohner’ (28), in which is given a 
complete account of our then state of knowledge of the subject. But within these 
last ten years still more serious efforts have been made by naturalists of several 
nations to penetrate this terra incognita. Two emissaries of the l^eyden Museum 
(Bernstein and v. Rosenberg) have sent home full senes of zoological spom to 
that establishment, and have discovered a host of novelties. Of these the Birds 
have been described by Prof. Schlegel in his ‘ Observations Zoologiques’ (29). An 
intrepid Italian traveller, Signor L. M. d’Alhertis, made a still further advance, 
when in September 1872 he accomplished the first ascent of the Arfak mountains , 
and discovered the splendid Bird of Paradise and other new species which I described 
in 1878 (80). Quickly following on his footsteps Dr. A. B. Meyer penetrated still 
further' into the unknown interior, and reaped the abundant harvest of which he 
has given us an account in six papers lately published at Vienna (81-36). Dr. 
Meyer has now become Director of the Museum of Dresden, and is no doubt 
occupied in the further elaboration of his rich materials. In the nmanwhile some 
accomplished Italian naturalists are engaged on the collections of D Albertis and 
his quondam companion Beccari. Count Salvadori, who is at work on the birds, 
will take the opportunity of preparing a complete account of the ihrmthology ot 
Papua and its istods, similar to that of Borneo, of which I have already spoken. 
The Marquis Giacomo Doria has already published one excellent paper on the 
Reptiles of Amhoina and the K5 Islands collected by his comptnot Beccari (37), 
ana is preparing other memoirs on the Mammals and Reptiles of New Guinea 
and the Aroo Imands obtained by D’Albertis. , . , 

Dr. Meyer has lately given an account of his Herpetological discovenes m INew 

. * ^ee ‘ Nature,* voL viii. p. 501. 
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Guinea^ which comprehend several new and most interesting forms, in a memoir 
read Wore the Academy of Berlin (88) ; and Dr. Bleeker some years ago gave a 
list of the Reptiles obtained by v. Rosenberg in that island, and enumerated the 
Papuan Reptiles then known to him (39). 

All these expeditions, however, have been directed towards the western penin- 
sula of New Guinea, which alone is yet in any way explored by naturalists. Of the 
greater south-eastern portion of the island we have as yet very little information. 
A Cassowary* and a Kangaroo t? brought away by the ^Basilisk’ from the 
southern coast, both proved to be new to science, as did^ likewise a Paradise-bird 
obtained in the same district by M. d^ Albertis This is sufficient to give us an 

idea of what we may expect to find when the interior of this part of New Guinea 
is explored. And I may take this opportunity of mentioning that a most active 
and energetic traveller is perhaps at this ve:^ moment at work there. M. L. hi , 
d’ Albertis, of whose previous labours I have just spoken, returned to the East last 
autumn. Letters received from him by his Italian friends in June last state that 
he had at the time of writing already succeeded in reaching Yule Island near 
Mously Bay on the S.E. coast of New Guinea, and proposed to establish his head- 
quarters there for expeditions into the interior. 

8. New Ireeand, New Britain, and the Solomon Islands. 

I devote a few words specially to these islands because they are ea.sy of access 
from Sydney, and because their productions are of particular interest, belonging, as 
they do, to the Papuan and not to the Polynesian fauna. I have put together what 
is known of the birds of the Solomon’s group in a paper read before the Zoological 
Society in 1869 (40). Seeing the interesting results obtained from the examination 
of one small jar of birds collected here by an unscientific person, there can be little 
doubt of the value of what would be discovered on the ruore complete investigation 
of the group. As regards New Ireland and New Britain, we have hut scattered 
notices to refer to. The last-named island is, we know, the home of a peculiar 
Cassowaiy {Casmrim henneUii). 

A list of the fishes of the Solomon Islands is given by Dr. Giinther in Mr. 
Brenchley’s ^Cruise of the Ciua^oa’ (41), which I shall allude to again presently. 

VII. THE PACIFIC REGION. 

Of this Region, where Mammals (except a few Bats) are altogether absent, and 
Birds are the predominant form of Vertebrate life, I will say a few final words under 
three heads : — 

1, New Zealand, | 2. Polynesia, | 8. The Sandmch Islands, 

1. New Zealand. 

In New Zealand, of all oiu* Colonies, most attention has lately been devoted to 
natural history, and several excellent naturalists are labouring hard and well ; I 
need only mention the names of Dr. Hector, Dr. Haast, Capt. E. W, Hutton, and 
Jklr. Buller. The commendable plan of affiliating the various local Societies 
to one Central Institute has resulted in the production of an excellent scientific 
Journal, already in its sixth volume, which contains a mass of most interesting 
papers on the fauna and flora of the Colony (I). To refer to these memoirs in 
detail is quite unnecessary ; hut it is obvious, on turning over the pages of the 
volumes of the ^ Transactions of the New-Zealand Institute,’ how great are the 
exertions now being made to perfect our knowledge of the natural products, both 
recent and extinct, of our antipodean Colony. 

Mr. W. L. Bullet’s beautiful volume on the Ornithology of New Zealand, finished 
in 1878 (2), is likewise a most creditable production both to the author and to 

* Casuarms picticollis^ Sd., P. Z. S. 1875, p. 85. 

t Dorcmsis Inctuosa (D’Albertis), v, Garroa, P. Z. S, 1875, p. 48. 

\ Paraaisea raggiam^ Sdater, P. Z. 3. 1873, p. 559. 
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those who have supported and promoted his undertaking. Few, indeed, are the 
Colonies that can Boast of a similar piece of work ! 

In 1842 the late Sir John Richardson presented to this Association a special re- 
port on the Ichthyology of New Zealand (3) j but much advance has, of course, 
Deen made since that period. 

The Lizards of New Zealand have been recently enumerated along with those of 
Australia in Dr. Gunther’s memoir above referred to. 

2. Polynesia. 

Great additions have recently been made to our knowledge of the natural pro- 
ductions of the Polynesian Islands by the travellers and naturalists employed by the 
brothers Godeffi-oy of Hamburg. These gentlemen not only have extensive col- 
lections made, but also trouble themselves to get them properly worked out. The 
excellent volume on the Ornithology of the Fiji, Samoa, and Tonga Islands pub- 
lished in 1867 by Drs. Finch and Hartlaub (4), is based entirely upon materials thus 
obtained, as are likewise the many capital memoirs which fill the parts of the Illus- 
trated quarto ^ Journal des Museum Godeliroy ’ (5) — a journal replete with informa- 
tion upon the geography, ethno^aphy and natural history of Polynesia. Amongst 
these memoirs I must call special attention to Dr. Gunther’s ^Fische der Siidsee’ 
(6), founded upon Mr. Andrew Garrett’s splendid collection of fishes and of draw- 
ings of them coloured after life, of which three parts are already issued. We have 
now for the first time almost, in this country, the opportunity of becoming acquainted 
with the exceeding beauty of the tropical fishes in life ! 

The late Mr. Julius Brenchley’s account of his cruise in H.M.S. ^ Cura9oa ’ among 
the South-sea Islands (7), published in 1873, contains an appendix of Natural- 
History Notices,” illustrated by figures of remarkable specimens obtained on the 
occasion. Of these the part relating to the Birds is by the late Mr. G. R. Gray, and 
those concerning the Reptiles and Fishes by Dr. Giinther, 

3. The Sandwich Islands. 

The Sandwich Islands stand apart zoologically as geographically from the rest of 
Polynesia, and merit more special attention than has yet been bestowed upon them. 
Of their Birds, which form the most prominent part of their Vertebrate fauna, Mr, 
Dole has given a Synopsis ” in the ^Proceedings of the Boston Society of Natural 
History ’ (8). In noticing this paper in ^ The Ibis ’ for 1871, I have introduced 
some supplementary remarks (9) upon the general aspect of the Avifauna. 

In concluding this Address, which has extended, I regret to say, to a much 
greater length than I anticipated when I selected the subject of it, I wish to endea- 
vour to impress upon naturalists the paramount importance of locality. 

In the study of distribution more probably than in any other direction, if perhaps 
we except embryology, will be ultimately found the key to the now much vexed 
question of the Origin of Species. The past generation of naturalists could not 
understand the value of locafity. A Museum was regarded as a collection of curi- 
osities ; and so long as the objects were there it little mattered in their eyes whence 
they came. The consequence is that all our older collections, and even, I regret to 
say, our National Museum itself, are filled with specimens utterly without a 
history attached to them, unless it be that they were purchased of a certain dealer 
in a certain year. Even in the present generation it is only the more advanced and 
enlightened thinkers that really understand the importance of locality. It is with 
the hope of impressing the value of locality and distribution more fimly upon you 
that I have devoted this address not to the general progress of biology, but to the 
present state of our knowledge of the Geographical Distribution of the Vertebrata. 
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List of the Worhs and Memoirs referred 
I. Tub pALiBAKCTic IIeqion. 

1. Exploration Scientifique de I’Algt^rie pendeuit les ann^es 1840, 1841, 1842. 

Publi^e par Ordre du Gouvernemciit. Mammileres. Par lo Commandant 
Loche. Oiseaux. Par le Commandant Loche. 2 vols. folio, Paw, 1807. 
Reptiles et des Poissons. Par A. Gmclienot. 1 vol. folio, Farh^ 1850, 

2. Catalogue des Mammif^res et des Oiseaux de TAlg^rie. Par le Capitaiue 

Loche. 8vo, Faris^ 1868. 

3. Noiivelles remarques sur les Poissons fliiviatiles de I’Algdrie. Par M, Paul 

Gervais. Comptes Rendus, tome Ixiii. (1806) p. 1051. 

4. Memoir on the Hydrc^aphical System and the Freshwater Fish of Algeria. 

By Lieut. -Col. R. L. Playfair and M. Letourneux. Ann. & Mag. Nat. Hist. 
1871, viil. p. 373. 

6. Essni d’une Erp^tologie de rAlg^iie. Par Alexandre Strauch. Mem.’de I’Aca- 
d<lmie Imp^riale des Sciences do St. P^tershourg, viP 8(§r. tome iv. No. 7. 

6. The Great Sahara: Wanderings South of the Atlas Mountains. By 11. B. 

Tristram. 8vo, London^ 1860. 

7. Five Months’ Birds’ -nesting in the Eastern Atlas. By Oshort Salvin. Ibis, 

1869, pp. 174-191, S02-318, 362-305. 

8. On the Ornithology of Northern Africa. By the Rev. H. B. Tristram. Ibia, 

1860, pp. 163-162, 277-801, 415-436; 1800, pp. 68-83, 149-166, 301-376. 

9. On the Ornithology of Algeria. By J. II. Gurney, jun. Ibis, 1871, pp. 68-86, 

289-301. 

10. The Ornithology of the Straits of Gibraltar. By Lieiit.-Colonel L. Howard 

L. Irby. 8vo, Londony 1875. 

11. A Journey to !Marocco, and Ascent of the Great Atlas. A Lecture delivered 

before the Birmingham and Midland Institute. By George Maw, F.G.S. 
&c, 8vo, Ironhridge. 

12. Histoire naturelle des iles Canaries. Ouvrage public sous les auspices de M. 

le Ministre de I’lnstruption publique. Par MM. P. B. Webb et S. Berthelot. 
4to, Paris, 1836-60. 

13 a. Bemerkungen uber die Vbgel der Canarischen Insoln. Von I)r. Carl Bolle. 
Cabanis, Journ. fur Orn. 1854, p. 447; 1865, n. 171. 

6, Mein zweiter Beitrag zur Vogelkunde der C5anarischen Inseln. Von Br. 
Carl Bolle. Ibid, 1857, p. 268, 305. 

c, Der wilde Canarienvogel, eine Biogi-aphie. Von Dr. Carl Bolle. Ibid. 1858, 

p. 126. 

14, A Sketch of Madeira, containing information for the Traveller, or Invalid 

Visitor. Bv Edward Vernon Harcourt. 8vo, London, 1861. 

15, Notice of the Birds of Madeira. By Edward Vernon Harcourt. P. Z. S. 1864, 

p. 158. 

16, Notes on the Ornithology of Madeira, By Edward Vernon Harcourt. Ann. 

Nat. Hist. XV. 1856, pp. 430-438. 

17, Notes on the Resident and Migratory Birds of Madeira and the Canaries. By 

F. DuCane Godman. Ibis, 1872, pp. 168, 209. 

18, A Synopsis of the Fishes of Madeira, By the Rev. R. T. Lowe. Trans. Zool. 

Soc, li. p, 178 ; Supplement, ibid. iii. p. 1. 

19 a, Descriptions of some new Genera and Species of Fishes obtained at Madeira, 
By James Yate Johnson, O.M.Z.S. P. Z. S. 1862, p. 167. 
h. Remarks on a specimen of Alepuaurus ferox recently obtained at Madeira. 
By James Yate Johnson, C.M.Z.S. P. Z. S. 1862, p. 126. 

* Nearly the whole of these are in the Library of the Zoological Society of London, and 
may there be referred to, on application to the Librarian, by Members of the Society and 
by other persons provid^ with introductions, — P. L. S. 
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c. Descriptions of five new Species oi Fishes obtained at Madeba. By James 

Yate Johnson. O.M.Z.S. P. Z. S. 1868, p. 86. 

d. Descriptions of three new Genera of Marine Fishes obtained at Madeira. 

By James Yate Johnson, C.M.Z.S. P. Z. S. 1863, p. 403. 

e. Descriptions of a new Genua of Trichiuroid Fishes obtained at Madeira; 

with remarks on the Genus THcrotaSy Gunther, and on some allied Genera 
of Trichiuridas. By James Yate Johnson, O.M.Z.S. P. Z. S. 1865, p. 484. 

f. Description of Trachichthys dartomii, a new Species of Berycoid Fish from 

Madeira. By James Yate Johnson, O.M.Z.S. P. Z. S. 18(}0, p. 811. 

20. On a New Genus of Pediculate Fish from the Sea of Madeira. By Albert 

Gunther, M.D., F.K.S., &c. P. Z. S. 18C4, p. 301. 

21. Natural History of the Azores, or Western Islands. By Frederick DuCano 

Godman. 8vo, LondoUj 1870. 

22. Notice sur I’Histoire naturelle des Acores suivie d’lme description des 

Mollusques Terrestres de cet Archipel. Par Arthur Morelet. Hoy. 8vo, 
Pans, 1860. 

23. Naturgeschichte der Saiiprethiere Deiitschlands imd der angrenzenden Lander 

von Mitteleuropa. Von J. II. Blasius. 8vo, Braunsohtveiy, 1857. 

24. A Guide to the Quadrupeds and lleptiles of Europe; with Descriptions of all 

the Species. Oompiled from the latest writers. By Lord Olermont. 8vo, 
Londotiy 1859. 

25. A History of British Quadrupeds, including the Cetacea. By Thomas Bell. 

8vo, London, 1887. 

26. . Second Edition, revised and partly re-written by the Author, assisted 

by Robert F. Tomes and Edward 11. Alston. 8vo, London, 1874. 

27. Zoologie et Paleontologie Fran^aises, Nouvelles Recherches sur les Animaux 

Vert^br^s dont on trouve les Ossements enfouis dans le sol de la France et 
sur leur Comparaison avec les especes propres aux autros regions du Globe. 
Par M. Paul (Jervais. 2 vols. 4to, Pans, 1859. 

28. Die Thiere Andalusiens nach dem Resultato oiner Reise. Von W. G. 

Rosenhauer. 8vo, Erlangen, 1856. 

29. Sketches in Spain during the years 1829-82. By Captain S. E. Cook, R.N, 

2 vols. 8vo, Paris, 1834 

30. Liste des Mammiferes et Reptiles observes en Portugal. Par M. Barbosa du 

Bocage. Revue Zoologique, xv. (1863) p. 329. 

31. Iconogratia della Fauna Italica per le quattro class! degli Animal! Vertebrati 

di Carlo L Principe Bonaparte. 8 vols. small folio, Po7na, 1882-41. 

82. Fauna del Regno di Napoli, ossia enumeraziojie di tutti gli animali che 
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tenente la descrizione de’ nuovi o poco esattamente conosciuti, con figure 
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Costa. 4to, Napoli, 1829-58. 

83. Fauna d’ Italia. Parte prima. CataJogo Descrittivo dei Mammiferi osservati 

fino ad ora in Italia, compilato dal Prof. Emilio Cornalia. Roy. 8vo, 
Milano. 

84. Faune des Vert^br^s de la Suisse. Par Victor Fatio. 8vo, Qmhe et Bdle, 

1869-72. 

35. Expedition scientifique en Mor^e. Section des Sciences Physio ues. Tome iii, 
P® partie. Zoologie. Ibemiere section des animaux vert^or^s. Mammi- 
f&res et Oiseaux. Par M. Isidore Geofiroy Saint-Hilaire. 4to, Paris, 1888. 
86. Fauna der Cykladen. Von Erhard. 8vo, Leipzig, 1858, 

37. Die Insel Cypern, ihrer physischen und organisclien Natur nach mitRiicksicht 
auf ihre rruhere Geschichte, geschildert von Dr. F. Unger und Dr. Th. 
Kotschy. 8vo, Wien, 1866. 

88. Catalogue Raisonn^S des Objets de Zoologie recueillis dans un voyage au 
Oaucase et jusqu’aux fronti^res actuelles de la Perse, entrepris par ordre do 
8.M. TEmpereur. Par E, Mdn^tries. 4to, St. PStershovrg, 1882. 

39. Voyage dans la Russie m^ridionale et la Crimt^e par la Hon^e,la Valaclpe et 
la MoWavie, ex^cut4 en 1837. Par M. Anatole de D4midoff, 4 vojg. Royal 
8vo. and atlas, folio. Paris. 1841-42. 
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40. Skandinavisk Fauna af S. Nilsson, 5 vols. 8vo, Lund^ 1847-60. 

41. Sveri^es och Norges Ryggradsdjur, af W. Lilljeborg. 8vo, U^isalaf ed. Berlingy 
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c, A List of the Birds of Southern Spain. By Howard Saunders. Ibis, 1871, 
pjp. 64, 206, 384. 

69. Vorfeufiye Zusammenstellung der Vogel Spaniens mit kritischer Benutzung 
der bisher von ^anischen Omithologen herausgegebenen Verzeichnisse. 
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de rAcad^mie Imp^riale des Sciences de St.-P^tersbourg, 6 ^© s^r. tome viii. 
(1850) p.L 

90. A Revis^ Catalogue of the Birds of China and its Islands, with Dof^riptions 
of New SpecieS) References to former Notes, and occasional Remarks. By 
Robert Swinhoe. Proc. Zool. Soc. 1871, p. 337. 

100 < 1 % Journal d’un Voyage dans le Centre de la Chine et dons le Thibet oriental. 
Par M. rAbb4 Armand Davidt Nouvelles Archives du Museum, tome viii. 
Bull. p. 8 . 

, b. Catalogue des OiseauJt de Chine olbserv^s dans la partie septeutrlonale de 
l^Emplre (au Nord du Fleute^Bleu) de 1862 k 1870. Par M. rAbb 6 Armand 
David. Ibid, tome vii. p. 8 . 

lOL Recherehes pour servir 4 rHlstoire naturelle des Mammlferes comprenont des 
considerations sur la Classification de ces Animaux. Pat M. H. Milne- 
Edwards et M. Alphonse Milne-^Edwards. 2 vols. 4to, PartSy 1868-74. 

102. Fauna Japonlca sive Desoriptio animaliUm, quro in itiner© per Japoniam, 
jussu et auspiciis superiorum, summurn in India Batiava imperium 
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tenent, suscepto, antiis 1823-1830 collegit, notis, observatiouibiis et adum- 
brationibus illustravit, Fr. de Siebold, conjunctis studiis C. J. Temniinclc 
et H. Bchlegel pro vertebratis et W. de llaan pro invertebratis elaborala. 
Folio^ Lugduni Batavonim, 18J38-60. 

Mammiferes, par C. J. Temminck. 

Aves, par C. J. Temminck et H. Schlegel. 
lieptilia^ par 0. J. Temminck et H. Schiedel. 

Pisces^ par C. J. Temminck et II. Schlegel. 

103. On the Ornithology of Northern Japan. By Captain Blakision. Ibis, 1802, 

p. 809. 

104. Corrections and Additions to Captain Blakiston’s Paper On the Ornithology 

of Northern Japan. Ibis, 18(fe, p. 97. 

105. Notes on Bii'ds collected near Ilakodadi, in Northern Japan, By Henry 

Whitely, junior. Ibis, 18C>7, p. 193. 

lOG. Notes on the Ornithology of Northern Japan. Bv Bobert Swinhoe. Ibis, 
1863, p. 442. 

107. Narrative of the Expedition of an American Squadron to the China Seas and 

Japan, performed in the years 1852, 1853, and 1854, under the command of 
Commodore M. C. Perry, United-States Navy. By order of the Government 
of the United States. "4to, JVashtn(/tony 185G. 

108, Keise von Orenburg nach Buchara von Eduard Eversmann, nebst einein 

Wortverzeichniss aus der afgahnischen Sprache, begloitet von einein natiir- 
historischen Anhange und einor Yorrede '\T>n i)r. II. Lichtenstein. 4to, 
JBevliti, 1823. 

100. Vertikalnoe e Gorozontalnoe Baspedaleiiie Turkestanskie Jevotnie. By N. A. 
Severtzoff. Izvestia imperators koga obshestva linbiteley estestoynanla 
Anthropologie e Etnogrnphie. (Trans. Imp. Soc. Lovers of Nat. Hist. 
Anthr. & Ethnography.) Moscow y 1873. 

110. Allgemeine Uebersicht der aralo-tianschanischen Ornis, in ihrer horizontalen 

uud verticalen Verbreitung. Von Dr. N. Severzow. Aus dem Kussischen, 
von J. V. Fischer mit Originalzusatzen und Berichtigungen des Verfoseers. 
Journal fur Omitholo^e, 1873, m 321 ; 1674, p. 403. 

111. Notes on Severtzoff’s Fauna of Turkestan” (Turkestanskie Jevotnie). Bv 

H. E, Dresser. Ibis, 1876, pp. 96, 236, 3.32. 

112. Lahore to Yarkand. Incidents of the Route and Natural History of the 

Countries traversed by the Expedition of 1870, under T. D. Forsyth, Esq.,' 
C.R By George Henderson, M.D., and Allan Hume, Royal 8vo, 
London^ 1873. 

113. Hume’s Strav Feathers, Stoliczkafia stfdiczkaBy &c. See Novelties. Vol. ii. 

(1874) p. 613. 

114. Tlie Avimuna of Kashgar in Winter. By the late Dr. Ferdinand Stoliczka, 

Ph.l). Hume’s Stray Feathers, vol. iii. (1875) p. 215. 

116. On the Ornithology oi Palestine. By the Rev. ll. B. Tristram, M.A. Ihis, 

1866, pp. 67, 241 ; 1866, pp. 50, 280 j 1867, pp. 73, 300; 1808, pp. 204, 82] » 
lie. Report on the Birds of Palestine. By H’B. Tristram, M.A. P. Z. S. 1864, 
p, 496. 

117. Report on a Collection of Reptiles and Fishes from Palestine. By Albert 

Gunther, M.D. P. Z. S. 1804, p. 488. 

118* Asie Mineure, Description Physique et Archi^ologiqUe de cette contr^e par P. 

de Tchihatcheff. 2 vols. Royal 8vo, with Atlas oblong 4to, Paris, 1863-60, 
119. Note di un Viaggio in Persia nel 1862 di F» de Filippi. 8vo, Milano, 1805. 

H* TfiE Ethiopian Region. 

1. Esquisses zoologiquos sur la c6te de Guinde, par 0. J* Temminck. 8vo Leiden, 

1866« 

2. Documents Relatifs fi la Mammalogie du Gabon. Par M. C. Docteut PUcheran. 

Archives du MttS(5um d’Hist. Nat. tome x, p. 103. 

Explorations and Adventures in Equatorial AMcaj with Accounts of the 
Manners and Customs of the People, and of the Chace of .the Gorilla, 
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Crocodile, Leopard, Elephant, Hippopotamua, and other Animals. By 
Paul B. du ChaiUu. 8vo, Xojwfon, J861. 

4. Descriptions of New Species of Mammals from Western Equatorial Africa. By 
Mr. P. B. Du OhaiUu. Proc. Boston Soc. Nat. Hist, vol. vii. (1859-Gl) 
pp. 296, 858. 

6. Observations on Mr. Du Chaillu’s papers on the new Species of Mammals 
discovered by him in Western Equatorial Africa. By Dr. John Edward 
Gfray, F.R.S. P. Z. S. 1861, p. 27^ 

6. Catalogue of Birds collected on the Rivers Gamma and Ogobai, Western Africa, 

W Mr. P. B. Duchaillu in 1858; with notes and descrmtions of new 
Species. By John Cassin. Proc. Acad. Nat. Sci. Phil. 1859, p. 30, 

7. History of the Birds of Western Africa. By William Swainson. 1887. 

Jardine, Naturalist’s Library, vol. xix. 

8. System der Ornithologie Westafrica’s, von Dr. G. Hartlauh. 8vo, Bremen j 

1867. ^ 

9. Reptiles et Poissons de I’Afrique occidentale. itude pr^c6d6e de considera- 

tions gendrales sur leur Distribution Geographique, par M. le Professeur 
Aug. Dumdril. Archives du Museum d’flist. Nat. tome x. p. 137. 

10 a, Aves das possessoes portuguezas d’Africa occidental que existem no Museu 
Lisboa, por J. V. Barbosa du Bocage. Jour. Sci. Mathem. Phys. e Nat. 
Lisboa, tomo i. p. 129, 324 j ii. p. 38, 333 ; iii. p. 266 ; iv. p. 66, 194 ; v. 
p. 82, 47. 

5. Lista dos reptis das possessoes portuguezas d’Africa occidental que existem no 
Museu de Lisboa, por Jose Vicente Barboza du Bocage. Jour. Sci. Mathem. 
Phys. e Nat. Lisboa, tomo i. p. 87, 217. 

11. List of Mammalia collected by Mr. J, J. Monteiro in Angola. By P. L, 

Sclater, Ph.D., F.R.S., &c. P. Z. S. 1860, p. 245. 

12. Descriptions of seven new Species of Birds discovered by Mr. J, J. Monteiro 

in the Province of Benguela, Angola, West Africa. By Dr, G. Hartlauh, 
F.M.f S. P. Z. S. 1865, p. 86. 

18. Blustrations of the Zoology of South Africa ; consisting chiefly of Figures and 
Descriptions of the objects of Natural History collected during an Expedi- 
tion into the Interior of South Africa in the years 1884, ISm, and 1836; 
fitted out by the Cape of Good-Hope Association for Exploring Central 
Africa.” By Andrew Smith, M,D. 4 vols. 4to, London^ 1849. 

14. Histoire Naturelle des Oiseaux d’Afrique ; par Francois Levaillant. 6 vols. 

4to, Pans, 1799-1808. 

15. The Birds of South Africa. A Descriptive Catalogue of all the known Species 

occurring south of the 28th parallel of south latitude. By Edgar Leopold 
Layard. 8vo, Ca^ Town, 1867. 

16. The Birds of South Africa. By E. L, Layard. New edition, thoroughly 

revised and augmented. By R. Bowdler Sharpe. Part i. Royal 8vo, 
London, 1875, 

17. Notes on the Birds of Damara Land and the adjacent countries of South-west 

Africa. By the late Charles John Andersson. Arranged and edited by 
John Henry Gurney, with some additional Notes by the Editor, and an 
Introductory Chapter contaming a Sketch of the Author’s Life, abridged 
from the original published in Sweden. 8vo, London, 1872. 

18. Naturwissenschaftliche Reise nach Mossambique auf Befehl seiner Majestat 

des Konigs Friedrich Wilhelm IV. in den Jahren 1842 bis 1848, ausgefuhrt 
von Wilhelm C. H. Peters. Zoology, i. Saugethiere. 4to, Berlin, 1852; 
iv. Flussfishe. 4to, Berlin, 1868. 

19. Uebersicht der auf seiner Reise (in Madagascar und Mossambique) gesam- 

melten Amphibien. Von Wilhelm Peters. Wiegmann, Archiv fiir Natur- 
geschichte, xxi. (1855) p. 43. 

20. Vorlaufige Mittheilung fiber einige neue Vogelarten aus Mossambique. Von 

W. Peters, Joum. fiir Omith, 1868, p. 131. 

21. The Fishes of Zanzibar. AcANTHOPTBBYGn. By Lieut.-Ool. R. Lambert 

Playfair. Pharyngognathi^ etc. By Albert 0. L, G, Gfinther, M.A., 
Ph.l). 4to, London, 18^, 



TRANSACTIONS OF THE SECTIONS. 


121 


22. Die Vogel Ost-Afrika’s von Dr. 0. Finscli und Dr. G. Hartlaub. — ^Baron Carl 

Claus von der Decken’s Reisen in Ost-Afrika. Band iv. Royal 8vo, 
Leipzig and Heidelherg, 1870. 

23. On the Mammals collected and observed by Oapt. J. H. Speke daring the 

East- African Expedition, By P. L. Sclater; with Notes by Oapt. J. H. 
Speke. P. Z. S. 1864, p. 98. 

24. Report on a Collection of Reptiles and Fishes made by Dr. Kirk in the Zambesi 

and Nyassa Regions. By Albert Gunther. P. Z. S. 1864, p. 303. 

25. Atlas zu der Reise im nordlichen Afrika von Eduard Ruppell. 4 vols. small 

iolio. Frankfurt am Main, 1826-28. Saugetliiere und Vogel, von Dr. Med. 
Ph. J. Cretzschmar. 

Reptilien, von 0. 11. G. von Heyden. 

26. Neue Wirbelthiere zu der Fauna Abyssinien gehorig, entdeckt und beschrie- 

ben von Dr. Eduard Ruppell. S vols. small folio, FrankfuH am Main, 

27. Systematische Uebersicht der Vogel Nord-Ost-Afrika’s nebst Abbildung und 

Beschreibung von funfzig theils unbekannten, theils noch nicht bildlich 
dargestellten Arten. Von Dr. Eduard Ruppell. Roval 8vo, Frankfurt a, M 
1845, . 

28. OrnithologieNordost-Afrika’s, der Nilquellen- und Kusten-Gebiete des Rothen 

Meeres und des nbrdlichen Somal-Landes, von M. Th. von Heuglin. In 
vier Theilen, Royal 8vo, Cassel, 1869-74. 

29. A Handbook to the Birds of Egypt. By G. E. Shelley. Royal 8vo, London, 

30. Observations on the Geology and Zoology of Abyssinia, made during the pro- 

gress of the British Expedition to that Country in 1867-68. By W. T. 
Blanford. 8vo, London, 1870. 

31. On a Collection of Birds from North-eastern Abyssinia and the Bogos Country, 

By Otto Finsch, Ph.D., C.M.Z.S. With notes by the collector, William 
Jess^ C.M.Z.S., Zoologist to the Abyssinian Expedition. Transactions of 
the Zoological Society, vol. vii. p. 197, 

32. Systematische Uebersicht der Saiigethiere Nordost-Afrika’s mit Einschliiss der 

arabischen Kuste, des Rothen Meeres, der Somali- und der Nilquellen-Lander, 
sudwarts bis zum vierten Grade nordlicher Breite. Von Dr. Theodor v. 
Heuglin, von dem W. M. Dr. Leopold Joseph Fitzinger. Sitzb. d. k. Akad. 
d. Wissensch. Wien (1866), Bd. liv. Abth. 1, p. 537. 

33. Reise in das Gebiet des Weissen Nil und seiner westlichen Zuflusse in den 

Jahren 1862-64. Von M. Th. v. Heuglin. 8vo, Leipzig und Heidelberg ^ 
1869. 

34. Travels in Central Africa, and Explorations of the Western Nile Tributaries. 

By Mr. and Mrs. Petherick. 2 vols. 8vo, London, 1809. 

[The Fishes of the Nile. By Dr. Albert Gunther, F.R.S. Vol. ii. 
Appendix C, p. 197.] 

86. Synopsis der Fische des Rothen Meeres. By C. B. Klunzinger. Verb, z.-b, 
Ges. Wien, 1870, p. 669 ; 1871, p. 441. 

86. Symbolae Physicae seu leones et Descriptiones con)orum naturalium novorum 

aut minus cognitorum quae ex itineribus per Libyam ..Egyptum Nubiam 
Dongalam Syriam Arabiam et Habessiniam publico institutis sumptu 
Friderici Guilelmi Hemprich et Christiani Godofredi Ehrenberg studio, 
annis 1820-1826 redierunt. Folio, Berolini, ex Officina Academica, 1828. 

87. Notes on the Birds of the Peninsula of Sinai. By Claude W. Wyatt, of the 

late Sinai Surveying Expedition. Ibis, 1870, p. 1. ^ 

38, Omithologischer Beitrag zur Fauna Madagascar^ mit Berucksichtigung der 

Inseln Mayotta, Nossi-B^ und St. Marie, sowie der Mascarenen und 
Seychellen. Von Dr. G. Hartlaub. 8yo, Bremen, 1861, 

39. Recherches sur la Faune de Madagascar et de ses D^pendances, d’aprbs les 

d^couvertes de Fran 9 oi 8 P. L. PoUen et D. C. van Dam. 

Mammifbres et Oiseaux, par H. -Schlegel et Fran 9 oi 8 P. L, Pollen. 4to, Leyde, 
1868. 

Poisspne et P^ches, par P, Bleeker et Francois P, L, Pollen, 4to, Leyde, 1874. 
1875. 10 
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40. Note® sur lea Mammif^rea et lea Oiaeauz observes ft Madagaaoar. de 1866 k 1867 , 

par Alfred Grandidier. Rev. et Ma^. de Zool, 1867, pp. 319, 363, 386, 417. 

41. Contributions to the Ornithology of Madag^car. By B, Bowdler Sharpe. 

P. Z. 8. 1870, p. 384 ; 1871, p. 313; 1872, p, 860; 1876, p. 70. 

42. Notes on some Mammals from Madagascar. By Dr. Albert Gunther. P. Z. S. 

1876, p. 78. 

43. On the Osteology of the Solitaire, or Didine Bird of the Island of Rodriguez, 

Pezophaps smtaria (Gmel,). By Alfred Newton, M.A., and Edward Newton, 
M.A. Phil. Trans. 1869, p. 327. 

44. On the Osteology of the Dodo (Pidus ineptus, Linn.). By Professor Owen, 

r.R.S. Trans. Zool. Soc. vol. vi. p. 40. 

46. On the Dodo (Part ii.). — ^Notes on the Articulated Skeleton of the Dodo (Didus 
inepitis^ Linn.) in the British Museum. By Professor Owen, F.R.S. Trans. 
Zool. Soc. vol. vii, p. 513. 

46. On the Land Birds of the Seychelles Archipelago. By Edward Newton, M.A., 
C.M.Z.S. Ibis, 1867, p. 335. 

III. Indian Region. 

1. The Birds of India, being a Natural History of all the Birds known to inhabit 

Continental India : with Descriptions of Species, Genera, Families, Tribes, 
Orders, and a brief Notice of such Families as are not found in India, 
making it a Manual of Ornithology specially adapted for India. By T. 0. 
Jerdon. 3 vols. 8vo, Calmtta, 1802-(j4. 

2. The Mammals of India; a Natural History of all the Animals known to inhabit 

Continental India. By T. C. Jerdon. 8vo, Jioorkeey 1867. 

3. The Reptiles of British India. By Albert C. L. G. Gunther. Small folio, 

Lonamj 1864 (Ray Society). 

4. Catalogue of Reptiles in the Museum of the Asiatic Society of Bengal. By 

WT Theohala, jun., Eeq. Joum. Asiatic Soc. Beng. 1868 (extra Number). 

5. The Fishes of Malabar. By Francis Day. 4to, London^ 1866. 

6. Report on the Freshwater Fish and Fisheries of India and Burma. By Surgeon- 

Major Francis Day. Royal 8vo, Calcutta^ 1873. 

7. Report on the Sea Fish and Fisheries of India and Burma. By Surgeon-Major 

Francis Day. Royal 8vo, 1873. 

8. Stray Feathers : a Journal of Ornithology for India and its Dependencies. 

Edited by Allan Hume, Vols, i.-iii. 8vo, Calcutta, 1873-75. 

9. Contributions to the Ornithology of India.— Sindh. By Allan O. Ilume. Hume’s 

Stray Feathers, yol. i. pp. M, 91. 

10. A First List of Birds of the Upper Pegu. Stray Feathers, vol. iii. p. 1. 

11. Catalogue of the Birds found in Ceylon ; with some Remarks on their Habits 

and Local Distribution, and Descriptions of two new Species peculiar to the 
Island. By E. W. H. Holdsworth, F.L.S. &c. P. Z. S. 1872, p. 404. 

12. A List of Birds obtained in the Khasi and North Cachar Ilills. By Major 

Godwin- Austen. Joum. Asiatic Soc. Bengal, 1870, pp. 91, 264; 1872, 
pp. 142, 143. 

13. Catikigue of the Mammals of China (south of the river Yangtsze) and of the 

Island of Formosa, By Robert Swinhoe, F, Z. S. P. Z. S. 1870, p. 616. 
1445. Journal d’un Voyage en MongoUe &it en 1866 sur les auspices de S. E. M. 
Duroy, Ministre de ITnstruetion pubUque, Par M. TAhhe Armand David. 
NouveUes Arch, du Mus, dHist. Nat. tome iii (Bulletin) p. 18 ; tome iv. 
(Bulletin) p. 1 ; tome v. (Bulletin) p, 3, 

6. Notes sur quelques Oiseaux consid^ri^s com me nouveaux provenant du Voyage 
de M. rAbbd Armand David dans le Thibet Oriental par M. J. Verreaux. 
Nouvelles Arch, du Mus. d’Hist. Nat. tome v. (Bulletin) p. 83. 

c. Notes sur les Espkjes Nouvelles d'Oiseaux recueillis par M. I’Ahbd Armand 

David dans les Montagnes du Thibet Chinois, par M. J. Verreaux. Nou- 
veUes Arch, du Mus. d’ilist. Nat tome vi. (Bulletin) p. 33. 

d. Additions au Journal du Voyage de M. I’Ahh^ Armand David, par M. J. Ver- 

tmxx* Nouvelles Arch, du Mus. d'fiist. Nat tome viii. (Bulletin) y. 187. 
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6, Journal d^un Voyage dana le Centre de la Chine et dans le Thibet Oriental, 
par M. TAbb^ Armand David. Nouvelles Arch, du Mus. dTOst. Nat. 
tome ix. (Bulletin) p. 16. 

/. Catalogue des Oiseaux de Chine observ<5s dans la partie septentrionale de 
I’Empire (au Nord du FleuveBleu) de 1862 a 1870, par M. Armand David. 
Nouyelles Arch, du Mus. d’Hist. Nat. tome vii. (Bulletin) p. 3. 
ff. Description des Oiseaux Nouveaux ou incomplt^tement connus collectds par 
M. FAbb^ Armand David pendant son voyage dans le Thibet oriental et 
la partie adjacente de la Chine. Par M. J. Verreaux. Nouvelles Arch, du 
Mus. d’Hist. Nat. tome vii. (Bulletin) p. 26. 

15. list of Mammalia, Tortoises, and Crocodiles collected by M. Mouhot in Cani- 
boja. By Dr. John Edward Gray, F.K.S. P. Z. S. 1861, p. 136. 

10, A B-eport on the Expedition to y^estern Yunan vid Bhamo. By John An- 
derson, M.D. Royal 8vo. Calcutta^ 1871. 

17. Catalogue of Mammalia inhabiting the Malayan Peninsula and Islands. By 

T. E. Cantor. Journ. Asiat. Soc. Bengal, vol xv. (1846) pp. 171, 241. 

18. Catalogue of Reptiles inhabiting the Malayan Peninsula and Islands. By T. E. 

Cantor. Journ. Asiat. Soc. Bengal, vol. xvi. (1847) pp. 607, 897, 10^6. 

19. Catalogue of Malayan Fishes. By T. E. Cantor, Journ. Asiat. Soc. Bengal, 

vol. xviii. 1849, p. 983. 

20 a. Catalogue of a Collection of Birds from Malaya, with Descriptions of New 
Species. By T. C. Eyton. P. Z. S. 1839, p. 100 
h. Descriptions of some apparently New Species of Birds from Malacca. By 
T. 0. Eyton. Ann. Nat. Hist. xvi. 1845, p. 227. 

21. On the Ornithology of Malacca. By Alfred Wallace. Ann. Nat. Hist, xv, 

(1856) p. 95. 

22. Notes on Birds collected in Tenasserim and in the Andaman Islands. By 

Arthur Viscount Walden. P. Z. S. 1800, p. 637. 

23. List of Birds known to occur in the Andaman and Nicobar Islands. By V. 

Ball, B. A. Stray Feathers, vol. i. p. 61. 

24. Verhandelingen oyer de Naiuurliike Geschiedenis der Nederlondscho over- 

zeesche bezittingen, door de Leden der Natuurkundige Commissie in Indie 
en andere Schrijvers. Uitgegeven op Last van den Koning door C. J. 
Temminck [Zoologie], Folio, Leidetiy 1839-44. 

25. Museum d’llistoire Naturelle des Pays-Bas. Revue M6thodique et Critique 

dea Collections d^pos^es dans cet Etablissement, Par II. Schlegel. Livrai- 
sons 1-11. 8vo, Leyde, 1802-74. 

20. Atlas Ichthyologique des Indes Orientales N^erlandaises, public sous les aus- 

pices du Gouvernement Colonial Nt^eiiandais par M. P. Bleeker. Vols. i.-vi. 
Folio, Amsterdam, 1862-74. 

27. The Malay Archipelago : the Land of the Orang-Utan and the Bird of Para- 

dise, a Narrative of Travel, with Studies of Man and Nature. By Alfred 
Russel Wallace. 2 vols. 8vo, London, 1869. 

28. List of Birds from the Sula Islands (east of Celebes), with Descriptions of 

new Species. By Alfred Russel Wallace. P, Z. S. 1862, p. 333. 

29. List of Birds collected in the Island of Bourn (one of the Moluccas), with De- 

scriptions of new Species, By Alfred Russel Wallace. P. Z. S. 1863, p. 18, 

30. A List of the Birds inhabiting the Islands of Timor, Flores, and Lomibock, 

with Descriptions of the new Species. By Alfred Russel Wallace. P. Z. S. 
1803, p. 480. 

31. A List of Birds known to inhabit the Islands of Celebes. By Arthur, Viscount 

Walden, F.R.S. Trans. Z. S. vol. viii. p. 23. 

32. Appendix to a List of Birds known to inhabit the Island of Celebes. By 

Arthur, Viscount Walden, F.R.S. Trans, Z. S. vol. viii- p. 109. 

33. Catalogo Systematico degli Uccelli di Borneo, di Tommaso Salvadori, con note 

ed osservazioni di G. Doria ed 0. Beccari intomo alle specie da essi raccolte 
nel Ragiato di Sarawak. Ann. del Museo Civico di Storia Nat. Genova. 
Vol, V. (1874). 

84. Zoological Researchea in Java, and the neighbouring Islands. By Thomas 
Horsfield; M.D. 4to, Lmdm, 1824, 


10 * 



124 REPORT — 1875. 

36. Descriptive Catalogue of a Zoological Collection made on account of the Hon. 
East-India Company in] the Island of Sumatra and its vicinity; with addi- 
tional Notices illustrative of the Natural History of those Countries. By Sir 
Thomas Stamford Raffles, Knt., F.R.S., &c. Linn. Soc. Trans, xiii. (1822) 
p. 239. 

36. Reisen im Archipel der Philippinen von Dr. C. Semper. 4to, Leipzig and 

Wiesbaden, 18o8-74. (Still heing issued,^ 

37. A List of the Birds known to inhabit the Philippine Archipelago. By Arthur, 

Viscount Walden, F.R.S., President Z. S. Trans. Z. S. vol. ix. p. 125. 

38. Uebersicht der von Herm F. F. Jagor auf Malacca, Java, Borneo und den 

Philippinen gesammelten und dem aonigl. zoologischen Museum libersandten 
Schlangeu. Von Hjn. W. Peters. Berlin. Monatsber. 1861, p. 683. 

39. Ueber die von Herrn F. Jagor bisher *auf Malacca, Borneo, Java und den 

Philippinen gesammelten Saugethiere aus den Ordnungen der Halbaffen, 
Pelznatterer und Flederthiere. Von Urn. W.*" Peters. Berlin. Monatsber. 

1861, p. 706. 

40. Ueber die von Herm F. Jagor in dem oatindischen Archipel gesammelten 

und dem konigl. zoologischen Museum ubergebenen Fische. Yon Hrn. W. 
Peters. Berlin. Monatsber. 1868, p. 254. 

IV. Nearctic Region. 

1. Reports of Explorations and Surveys to ascertain the most practicable and 

economical Route for a Railroad from the Mississippi River to the Pacific 
Ocean. Made under the Direction of the Secret^ of War in 1858-0. 4to, 
Washington, 1855-60. Mammals. By Spencer Baird. Vol. viii. (1857). 

2. On the Eared Seals {Otariadai), with detailed Descriptions of the North-Pacific 

Species, by J. A. Allen ; together with an Account of the Habits of the 
Northern Fur-Seal ( ursinus), by Charles Bryant. Bull, of the 

Mus. Conm. Zool. Harvard College, Camb. vol. ii. No. 1. 

3. The Marine Mammals of the North-western Coast of North America, described 

and illustrated : together with an account of the American Whale-Fishery. 
By Charles M. Scammon. 4to, San Francisco^ 1874. 

4. Monograph of the Bats of North America. By H. Allen, M.D. Smithsonian 

Misceil. Coll. vol. vii. (1867), Article I. 

6, The Quadrupeds of North America. By John James Audubon, F.R.S. &c., 
and the Rev. John Bachman, D.D. &c. 3 vols. Royal 8vo, New York. 
1862-64. 

6, American Ornithology ; or the Natural History of the Birds of the United 
States, illusti’ated with Plates engraved and coloured from Original Draw- 
mgs taken from Nature. By Alexander Wilson. 9 vols. 4to, Philadelphia, 

7 a. The Birds of America, from original Drawings made during a Residence of 
25 years in the United States and their Territories. By John James Au- 
dubon. Folio, London, 1826. 

5. Omitholo^cal Biography, or an account of the Habits of the Birds of the 
United States of America; accompanied by Descriptions of the objects 
represented in the work entitled the ^ Birds of America,’ and interposed 
with Delineations of American Scenery and Manners. By John James 
Audubon. 5 vols. Roval 8vo, Fditiburgh, 1831-39. 
c. The Birds of America, fiom Drawings made in the United States and their 
Territories. By John James Audubon, F.KS. &c. 8 vols. Royal 8vo, 
New York, IU4:. 

8. American Ornithology ; or the Natural History of Birds inhabiting the United 

States, not given hy Wilson, with %ure8 drawn, engraved, and coloured 
from Nature. By Charles Lucian Bonaparte. 4 vols. Royal 4to, Phila- 
delpMa, 1826-33. 

9, A M^ual of the Ornithology of the United States of Canada. By Thomas 

Nuttall. Vol. i. Land Birds, 8vo, Cambridge, 1832, Vol. ii. Water Birds, 
8vo, Boston, 1834. 
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10. Illustratioua of the Birds of California, Texas, Oregon, British and Russian 

America, intended to contain descriptions and figures of all North-American 
Birds not given by former American authors, and a General Synopsis of 
North-American Ornithology. By JohnCassin. Royal 8vo. Philadelpha, 

11. Reports of Explorations and Surveys for a Railroad Route from the Mississippi 

to the Pacific Ocean, made under the Direction of the Secretary of War, 
in 1863-56. 4to, Washin^on, 1866-60. Birds. By Spencer F. Baird ; 
with the cooperation of John Oassin and George N. Lawrence. Vol. ix. 
(1858). 

12. The Birds of North America ; the Descriptions of Species based chiefly on the 

Collections in the Museum of the Smithsonian Institution. By Spencer F. 
Baird; with the cooperation of John Cassin and George N. Lawrence. 
2 vols. 4to, Philadelphia^ 1860. 

13. A History of North-American Birds. By S. F. Baird, T. M. Brewer, and R. 

Ridgway. (Land Birds.) 3 vols. Royal 8vo, Boston, 1874. 

14. Key to North American Birds, containing a concise Account of every Species 

of living and fossil Bird at present known from the Continent north of the 
Mexican and United-States Boundary. By Elliott Coues. 3 vols. Royal 
8vo, Salem, 1872. 

16. Birds of the North-west: a Hand-Book of the Ornithology of the Region 
drained by the Missouri River and its Tributaries. By Elliott Coues. 8vo, 
W ashington^ 1874. (Published by the Department of the Interior, U.S. Geol. 
Survey of the Territories; Miscellaneous Bublications, No. 3.) 

16. The new and heretofore imfigured Species of the Birds of North America. 

By Daniel Giraud Elliot. 2 vols. folio. New York, 1869. 

1 7. Ornithology. Vols. i.-iii. Land Birds. Edited by S. F. Baird, from the Manu- 

script and Notes of J. G. Cooper. [Geological Survey of California.] 
Small 4to, Cambridge, Mass, 1870. 

18. North-American Ilei’petology ; or a Description of the Reptiles inhabiting the 

United States. By John Edwards Holbrook, M.D. 6 vols. 4to, PhUade^hia, 
1842-44. 

19. Catalogue of North-American Reptiles in the Museum of the Smithsonian 

Institution. Part. I. Serpents. By S. F. Baird and C. Girard. Smith- 
sonian Miscell. Coll. vol. li. 1862, Article V. 

20. Contributions to the Natural History of the United States of America. By 

Louis Agassiz. Vol. i. [North-American Testudinata, &c.] 4to, Boston, 
1867. 

21 a. A Synopsis of the Cyprinidae of Pennsylvania. By Edward D. Cope, Trans. 
Amer. Phil. Soc. vol. xiii. p, 352. 

6. On the Distribution of Fresh-water Fishes in the Alleghany Region of South- 
western Virginia. By E. D. Cope, A.M. Joum, Acad. Nat. Sci. Phil, 
vol. vi. p. 207. 

22. Lake Superior ; its Physical Character, Ve^tation, and Animals, compared 

with those of other and similar regions. Louis Agassiz. Vi^ith a Nar- 
rative of the Tour, by J. Elliot Cabot ; and Contributions by other Scientific 
Gentlemen. 8vo, Boston, 1850. 

23. Reports of Explorations and Surveys to ascertain the most practicable and 

economical Route for a Railroad from the Mississippi River to the Pacific 
Ocean. Made in 1863-66. 4to, Washington, 1866-uO. Fishes. By Charles 
Girard, M.D. Vol. x. (1868) part iv, 

24. Catalogue of the Fishes in the Collection of the British Museum. By Dr. 

Albert Gunther. 8 vols. 8vo, London, 1869-70. 

26. Manual of the Natural History, Geology, and Physics of Greenland ^d the 
neighbouring Redons; prepared for the use of the Arctic Expedition of 
1876, under the Direction of the Arctic Committee of the Royal Society, 
and edited by Professor T. Rupert Jones, F.R.S., F.G.8., &c. ; together 
with Instructions suggested by the Arctic Committee of the Royal Society 
for the use of the Expedition. Published by authority of the Lords Com- 
missioners of the Admiralty. 8vo, London, 1876. 
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V. NbotEopical Rbgion, 

1. On the IVtamraale of South America. By P. L. Sclater. Quatt. Joum. Sc. 

1866, p. 606. 

2. Nomenclator Avium Neotropicalium, sive avium (juso in Regione J^eotropica 

huciisque tepertse sunt nomina systematice disposita, a^ecta sua cUique 
speciei Patria : accedunt Geilemm et Specierum Novarum Diagnoses. Auc- 
toribus P. L. Sclater et Osberto Salvin. 4to, Londinif 1873. 

8 a. Note sur quelques Malnmif^res du Mexique, pat M. H. de Saussure. Rev. 
et Mag. de Zool. 1860, pp. 3, 63, 97, 241, 281, 377, 425, 479. 

5. Note compl^mentaire but quelques Mammifferes du Mexique, par M. H. de 
BauSsure. Rev. et Mag. de Zool. 1861, p. 3. 

‘4, Catalogue of the Birds collected by M. Auguste Sall^ in Southern Mexico, 
with Descriptions of New Species. By Philip Liitley Sclater. P. Z. S. 1856, 
p. 283. 

6, On Farm meridionalis, and some other species mentioned in the Catalogue of 
Birds collected bv M. Sall^ in Southern Mexica. By P. L. Sclater. P. Z. S. 
1871, p. 81. 

6. List of additional Species of Mexican Birds, obtained by M. Auguste Sall<5 from 

the environs of Jalapa and S. Andres Tuxtla. By P. L. Sclater. P. Z. S. 
1857, p. 201. 

7. On a Collection of Birds made by Signor Matteo Botteri in the vicinity of Ori- 

zaba in Southern Mexico. By Philip Lutley Sclater. P. Z. S. 1867, p. 21 0. 

8. On a Collection of Birds received by M. Sall6 from Southern Mexico. By 

Philip Lutley Sclater. P. Z. S. 1867, p. 226. 

9. Notes on some Birds from Southern Mexico. By Philip Lutley Sclater. 

P. Z. S. 1858, p. 96. 

10. On a Collection of Birds received by M. Auguste Sall^from Oaxaca in Southern 

Mexico. Bv Philip Lutley Sclater. ^ P. Z. S. 1868, p. 294. 

11. On a series of Birds collected in the vicinity of Jalapa, in Southern Mexico. 

By Philip Lutley Sclater. P. Z. S. 1869, p. 362. 

12. List of Birds collected by M, A. Boucard in the state of Oaxaca, in South- 

western Mexico, with descriptions of new Species. By Philip Lutley Sclater. 
P. Z. S. 1869, p. 869, 

13. Notes on a Collection of Birds from the vicinity of Orizaba and neighbouring 

parts of Southern Mexico. By Philip Lutley Sclater. P. Z. S. 1860, p. 260. 

14. On some Birds recently collected by M. Boucard in Southern Mexico. By 

Philip Lutley Sclater, M. A. P. Z. S. 1862, p. 18. 

16. On soiiie Birds to be added to the Avifauna oi Mexico. By P. L. Sclater, M. A. 
P. Z. S. 1862, p. 368. 

16. List of a Collection of Birds procured by Mr. George H. White in the vicinity 

of the city of Mexico. By P. L. Sclater, M. A. P. Z. S. 1804, ]p. 172. 

17. A Collection of Birdskins formed by M. Adolph Boucard in the vicinity of Vera 

Cruz, Mexico. By P. L. Sclater. P. Z. St 1806, p. 397. 

18. On a neiv species of feich, obtained by M. Adolphe Boucard, C.M.Z.8., in the 

vicini^ of La Puebla, Mexico. P. L. Sclater. P. Z. S. 1867, p. 1. 

19. Description of a New Species of Mexican Wren. By P. L. Sclater, M.A. 

P. Z. S. 1869, T). 691. 

20. On a Collection of Birds made by Mr. H. S. Le Strange near the city of Mexico. 

By P. L. Sclater, M.A., and usbert Salvin, F.L.^ P. Z. S. 1869, p. 301. 

21. On some recent additions to the Avifauna of Mexico. By P. L. Sclater, M.A.4 

and Osbert Salvin, M.A. P. Z. S. 1870, p. 560. 

22. Ueber eine Vogelsammlungaus Nordwest-Mexico, von Dr. 0. Finsch. Abhand* 

naturwissen. Verein zu Bremen^ Band ii. (1871) p. 321. 

23. The Geographical Distribution of the Native Birds of the DepartineUt of Vera 

Cruz, with a list of the Migratory Species. By P. Sumichrast. Translated 
from the French by T. M. Brewer, M.l). Mem. Boston Soc. Nat. Hist. vol. i. 
p. 642. 

24. The Birds of Western and North-western Mexico, based upon Collections made 

by CoL A. J. Graysdn, Capt. J. Xftntus, and FVed. Bischoff, how in the 
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Museum of the Smithsonian Institution, at Washington, D.O. By Geo. N. 
Lawrence. Mem. Boston Soo. Nat. Hist. vol. ii. p. 206. 

26. On the Omitholog:y of Central America. By Philip Lutley Sclater and Osbert 

Salvin. Ibis, 1869, pp. 1, 117, 213. 

20. Contributions to the Ornithology of Guatemala. By Osbert Salvin and Philip 
Lutley Sclater. Ibis, 1860, pp. 28, 272, 396. 

27. The SearBirds and Waders of the Pacific Coast of Guatemala. By Osbert 

Salvin, M.A. Ibis, 1806, p. 187. 

28. A further Contribution to tne Ornithology of Guatemala. By Osbert Salvin, 

M. A. Ibis, 1806, p. 188. 

29. On Birds collected or observed in the Republic of Honduras, with a short 

account of a journey across that country from the Pacific to the Atlantic 
Ocean. By George Cavendish Taylor, F.ll.G.S. Ibis, 1860, pp. 10, 110, 
222, 311. 

30. Uebersicht derim Berliner Museum befindlichen Vogel von Costa Rica. Vora 

Dr. Jean Cabanis. Jour, fiir Omitli. 1800, pp. 321, 401 ; 1801, pp. 1, 81, 241. 

31. A Catalogue of the Birds of Costa Rica. By G. N. Lawrence. Ann. Lyc. Nat. 

Hist. New York, 1808, p. 80. 

82. Notes on Mr. Lawrence’s List of Costa-Rica Birds. By Osbert Salvin, M.A. 
&c. Ibis, 1869, p. 310. 

33. On some Collections of Birds from Veragua. By Osbert Salvin, M.A. P, Z. 8. 
1807, p. 129; 1870, p. 176. 

34 a. Catalogue of a Collection of Birds made in New Granada by James 
M^Leannan, Escj., with Notes and Descriptions of new Species. By Geo. 

N. Lawrence. Ann. Lyc. N. H. New Yoik, vol. vii. pp. 288, 315, 461. vol. 
viii. p. 1. 

b. Notes on a Collection of Birds from the Isthmus of Panama. By Philip 
Lutley Sclater and Osbert Salvin. P. Z. S. 1864, p. 342. 

85. Mission Scientifique au Mexique et dans I’Am^rique Ceutrale, ouvrage publif^ 
par ordre de 8. M. I’Empereur et par les soins du Ministre de llnstruction 
publique. Etudes sur les Reptiles et les Batraciens, par M. Auguste 
Dum^ril et M, Bocourt. Royal 4to, Pans, 1870-74, 

Observations sur les Poissons de la Region Oentrale de rAm^rique, Par L^on 
Yaillantet M. Bocourt. Royal 4to, Paris, 1874. 

36. Die Saugethiere Costaricas, ein Beitrag zur Kenntniss der geographischen 
Verhreitung der Saiigethiere Amerika 8. Von Dr. A. V. Frantzius. Arch, 
fiir Naturgesch. 1869, p. 247. 

87. An Account of the Fishes of the States of Central America, based on collections 
made by Capt J. M. Dow,'F. Godman, Esq^ and 0. Salvin, Esq. By Albert 
Gunther, M.A., M.D., Ph.D., &c. Trans. Z. S. vol. vi. p. 377. 

38. Oiseaux de Tile de la Trinidad (Antilles). Par A. L^otaud. Royal 8vo, 
Port (TPspagne, 1866. 

89. On a Collection of Birds from the Island of Trinidad, By 0. Finsch. P. Z. S. 


1870, p. 652. 

40-46. On Venezuelan Birds collected by Mr. A. Goering. By Philip Lutley 
‘Sclater, M.A., and Osbert Salvin, M.A. P. Z. S. 18(fe, pp. 106, 620 ; 1869, 
p. 260 ; 1870, p. 779 ; 1876, p. 234. 

40. On some Venezuelan Birds collected by Mr. James M. Spence. By Philip 
LutW Sclater, M. A., and Osbert Salvin, M.A. P. Z. S. 1873, p. 611. 

47. List of Birds collected by M. Louis Fraser, at Cuenca, Gualaquiza, and Zamora, 

in the Republic of Ecuador* By Philip Lutley Sclater, M.A. P. Z. S. 1868, 
p. 449. 

48. On the Birds collected by Mr. Fraser in the vicinity of Riobamha, in the 

Republic of Ecuador. By Philip Lutley Sclater. P. Z. S. 1868, p. 649. 

49. List of the First Collection of Birds made by Mr. Louis Fraser at Pallatanga^ 
. Ecuador, with Notes and Descriptions of New Species. By Philip Lutley 

Sclater. P. Z. 8. 1869, p. 136. 

pO. List of additional Species of Birds collected by Mr. Louis Fraser at Palla- 
tanga, Ecuador, with Notes and Descriptions of new Species. By Philip 
Lutley Sclater, M. A. P, Z. S, 1860, p. 63, 
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51. List of Birds collected by Mr. Fi'aser in the vicinity of Quito, and during 

excursions to Picbinca and Chimborazo; with Notes and Descriptions of 
new Species. By Philip'Lutley Sclater, M.A. P. Z. S. 1860, p. 78. 

52. List of the Birds collected by Mr. Fraser in Ecuador, at Nanegal, Calacali, 

Perucho, and Puellaro ; with Notes and Descriptions of new Species. By 
Philip Lutley Sclater, M.A. P. Z. S. 1860, p. 83.^ 

68. List of Birds collected by Mr. Fraser at Babahoyo in Ecuador, with Descrip- 
tions of new Species. By Philip Lutley Sclater, M.A. P. Z. S. 1860^. 272. 
64. List of Birds collected by Mr. Fraser at Esnieraldas, Ecuador, with Descrip- 
tions of new Species. By P. L. Sclater. P. Z. S. 1860, p. 291. 

66. Untersuchungen uber die Fauna Peruana. Von J. J. von Tschudi. 4to, 
St, Gallen^ 1844-46. 

66-69. On the Birds of the vicinity of Lima, Peru. By P. L. Sclater, M.A., 
Ph.D. With Notes on their Habits by Prof. W. Nation. P. Z. S. 1866, 
p. 100 ; 1867, p. 840 ; 1869, p. 146 ; 1871, p. 496. 

60. Liste des Oiseaux recueillis par M. Constantin Jelski dans la partie centrale 

du P^rou occidental. By L. Taczanowski, C.M.Z.S. P. Z. S. 1874, p. 601. 

61. Ueber Dinomys, eine morkwurdige neue Gattung der staclielschweinartigen 

N^erthiere aus Peru. Von Urn. W. Peters. Monatsb. Berl. Ak. 10 July, 

62. Ueber neue oder weniger bekannte Gattungen und Arten von Batrachiern. 

Von Hrn. W. Peters. Monatsb. Ak. Berl. 19 May 1873. 

63. Voyage dans I’Amt^rique meridionale (Le Brasil, la BtSpublique Orientale de 

rUruguay, la R^piiblique Argentine, la Patagonie, la B^publique du Chili, 
la Republique do Bolivia, la R^publique du P^rou) exScut^ pendant les 
aunt^^es 1826-33, par Alcide d’Orbigny. 4to, Pans. 

Mammif^res. Par M. Alcide d’Orbigny et Paul Gervais. 1847. 

Oiseaux. Par M. Alcide d’Orbigny. 1886-44. 

Reptiles. Par M. Alcide d’Orbigny. 1847. 

64. Reisenin Britisch-Guiana in den Jfahren 1840-44, im Auftrag Sr. Majestat des 

Konigs von Preussen augsgefuhrt von Richard Schomburgk. Nebst einer 
Fauna und Flora Guiana’s, nach Voriagen von Johannes Muller, Ehrenberg, 
Erichson, Klotzsch, Troscbel, Cabanis und andern. 8 vols. royal 8vo, 
Leipzig^ 1847-48. 

66. Reise in Brasilien auf Befehl Sr. Majestat Maximilian Joseph I. Konigs von 
Baiem in den Jahren 1817 bis 1820 gemacht und beschrieben von Dr. Joh. 
Bapt. von Spix, und Dr. Carl Frieder. Phil, von Martins. 3 vols. 4to, 
Miincheri, 1823-31. 

66. Expedition dans les parties centrales de l’Am4rique du Sud, de Rio de Janeiro a 

Lima, et de Lima au Para ; ex^cut^e par ordre du Gouvemement Fran^ais 
pendant les anndes 1843-47, sous la direction du comte Francois de Cas- 
telnau. 3 vols. 4to, Pans, 1865-67. 

67. On the Birds of Eastern Peru. By P. L. Sclater, M.A., Ph.D., F.R.S., Secre- 

tary to the Society, and Osbert Salvin, M.A., F.Z.S. With Notes on the 
Habits of the Birds, by Edward Bartlett. P. Z. S. 1878, p. 262. 

68. On a Collection of Birds transmitted by Mr. H. W. Bates from the Upper 

Amazon. By Philip Lutley Sclater, M.A., Ph.D. P. Z. S. 1857, p. 261. 

69. Description of eight new Species of Birds from South America. By John 

Gould. P.Z.ai866,p. 67. 

70. Catalogue of Birds collected by Mr. E. Bartlett on the river Ucayali, Eastern 

Peru, with Notes and Descriptions of new Species. By P. L. Plater and 
Osbert Salvin. P. Z. S. 1866, p. 176. 

71. On some Additions to the Catalo^e of Birds collected by Mr. E. Bartlett on 

the River Ucayali. By P. L. Sdater and Osbert Salvin. P. Z. S. 1866, p. 666. 

72. Catalogue of Biros collected by Mr. E. Bartlett on the River Huallaga, Eastern 

Peru, with Notes and Descriptions of new Species. By P. L. Sclater, M.A., 
Ph.D., and Osbert Salvin, M.A. P. Z. S. 1867, p. 748, 

78. List of Birds collected at Pebas, l^per Amazons, by Mr. John Hauxwell, with 
Notes and Descriptions of new Species. By P. L. Sclater and Osbert Salvin. 
P. Z. S. 1867, p.977. 
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74. On two new Birds collected by Mr. E. Bartlett in Eastern Peru. By P. L. 

Sclater, M.A., Ph.D., and Oabert Salvin, M.A. P. Z. S. 1809, p. 437. 

75. List of Birds collected by Mr. Wallace on the Lower Amazons and liio Negro. 

By P. L. Sclater, M.A., F.R.S., and Osbert Salvin, M.A, P. Z. S. 1867, 
p. 560. 

70. Zur Ornithologie Brasiliens. Resultate von Johann Natterers Reisen in den 
Jahren 1817 bis 1835. Von August von Pelzeln. 8vo, Wten, 1871. 

77. Systematische Uebersicht der Thiere Brasiliens, welche wahrend einer Reise 

durch die Provinzen von Rio de Janeiro und Minas Geraes gesammelt oder 
beobachtet wurden von Dr. Hermann Burmeister. Theil i.~iii. 8vo, Berlirif 
1854-56. 

78. Erlauterungen zur Fauna Brasiliens, enthaltend Abbildungen und ausfuhrliche 

Beschreibungen neuer oder imgenugend bekannter Tnier-Arten. Von Dr. 
Herm. Burmeister. Folio, Berlin, 1850. 

79. Beitrage zur Naturgeschichte von Brasilien, von Maximilian Prinzen zu Wied. 

4 vols. 8vo, Weimar, 1825-33. 

80. On the Ophidians of the Province of Bahia, Brazil. By Dr. Otho Wucherer, 

C.M.Z.S. P. Z. S. 1861, pp. 113, 322 ; 1863, n. 55. 

81. Beitrage zur Kenntniss der Wirbelthiere Sudbrasiliens, von Dr. Reinhold 

Hensel. Arch, fur Naturgcsch. 1867, p. 120 ; 1868, p. 323 ; 1870, p. 50. 

82. Beitrage zur Kenntniss der Saiigethiere Siid-llrasiliens. Von Dr. lieinhold 

Hensel. Abh Ak Berlin, 1872, pp. 1-130, 3 pis. 

83. Bidrag til Kundskab om Fuglefaunaen i Brasiliens Oanipos af J. Reinhardt. 

Vidensk. Meddel. fra den Naturhist. Forening i Kjobenhavn, 1870, p. 316. 

84. Zur Ornithologie der Provinz Santa Catharma, Sud-lirasilien. Von Hans Graf 

V. Berlepsch. Journ. fur Ornithologie, 1873, p. 225; 1874, p. 241. 

85 a, j^untamientos para la Historia Natural de los Quadrupedos del Paraguay y 
Kio de la Plata, escritos por Don Felix de Azara. 8vo, Madrid, 1802. 
h, Apuntamientos para la Historia Natural de los Paxaros del Paraguay y Rio de 
le Plata, escritos por Don Felix de Azara. 3 vols. 8vo, Madrid, 1 802-1805. 

86. Systematischer Index zu Don Felix de Azara’s Apuntamientos para la historia 

natural de las pdxaros del Paraguay y Rio de la Plata. Von Dr. G. Hartlaub. 
Small 4to, Bremen, 1837. 

87. Naturgeschichte der Saugethiere von Paraguay, von Dr. J. R. Rengger. 8vo, 

Basel, 1830. 

88. Reise durch die La Plata-Staaten, mit besonderer Riicksicht auf die physische 

BeschafFenhoit und den Oulturzustand der Argentinischen Republick. 
Ausgefuhrt in den Jahren 1857, 1868, 1869 und I860. Von Dr. Hermann 
Burmeister. 2 vols. Ilalle, 1861. 

89. Monografia de los Glyptodontes en el Museo Publico de Buenos Aires. Por 

Dr. German Burmeister. Anales del Museo Publico de Buenos Aires, 
vol. ii. p. 1. 

90. List of Birds collected at Oonchitas, Argentine Republic, by Mr. William II. 

Hudson. By P. L. Sclater, M.A., and Osbert Salvin, M.A. P. Z. S. 1868, 
p. 137. 

91. Second List of Birds collected at Oonchitas, Argentine Republic, by Mr. Wil- 

liam H. Hudson, together with some Notes upon another collection from the 
same locality. By P. L. Sclater, M.A., and Osbert Salvin, M.A. P. Z. S 
18C9, p. 168. 

92. Third List of Birds collected at Oonchitas, Argentine Republic, by Mr. Wil- 

liam H. Hudson. By P. L. Sclater, M. A., and Osbert Salvin, M.A. P. Z. S. 
1869, p. 631. 

93. Letter on the Ornithology of Buenos Ayres. By William H. Hudson, O.MJZ.S. 

P.Z.S. 1870,p.87. 

94. Second Letter on the Ornithology of Buenos Ayres. By William H, Hudson, 

O.M.Z.8. P.Z.S. 1870, p. 112. 

96. Third Letter on the Ornithology of Buenos Ayres. By William H. Hudson, 
O.M.Z.S. P.Z.S. 1870, p. 168. 

96. Fourth Letter on the Ornithology of Buenos Ayres. By William H. Hudson, 
C.M.Z.S. P.Z.S. 1870, p. 332. 
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07. JPifth find Sixth liftttew on the Ornithology of Buenos Ayres. By William 
H. Hudson, C.M.Z.S. P. Z, S. 1870, p. 546. 

98. Seventh Letter on the Ornithology of Luenos Ayres. By William H. Hud- 
son, O.M.Z.S. P. Z. 8, 1870, p. 071. 

90. Eighth Letter on the Ornithology of Buenos Ayres. By William H. Hud- 
son, O.M.Z.8. P. Z. 8. 1870, p. 748. 

100. Ninth Letter on the Ornithology of Buenos Ayres. By WiUiam H. Hudson, 

C.M.Z.S. P.Z.S. 1870,p.798. 

101. The Zoology of the Voyage of H.M.S. ^Beagle/ under the Command of 

Captain Fitzroy, R.N., during the years 1832 to 1830. Published with tho 
approval of the Lords Commissioners of Her Mamsty’s Treasury. Edited 
and superintended by Charles Darwin, Esq., M.A., F.R.S., &:c. 4lo, London, 
1840-43. 

Part I. Fossil Mammalia. By Richard Owen. 1840. 

Part II, Mammalia. By George R. Waterhouse ; with Notice of their Habits 
and Ranges, by Charles Darwin, M. A. 1839. 
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AeA-TOMT AJfD Phtsioloot. 

AMrm io th^ Department of Anatomy and Physiology, 

By Professor Clelaed, If.D., F.E,8,, Vice-President of the Beotim. 

I shall not venture to occupy the time of the Section with any rSsumd of the 
work done in Anatomy and Physiology during the past year, as such information 
is readily accessible in the pages of journals and year-books. I shall content myself 
with making some comments on the condition of Anatomy at the present time in a 
few important particulars. 

I had intended to speak also of some subjects connected with Physiology ; but I 
find that I cannot do so without lengthening my remarks to a greater extent than 
might be desirable. I shall be content, therefore, so far as that science is concerned, 
to mention that, although Experimental Physiology is probably less cultivated in 
this country than in any other in which Biology is studied, it has been practically 
decided by Parliament that it is quite time to put some check on investigation in 
that direction ; for, as every one knows, a Royal Commission has been appointed 
to inquire into vivisection. In the scientific world all are agreed, whatever 
opinions may prevail in other sections of the community, that the man who would 
wantonly inflict pain on a brute beast is himself a orute, and deserving to be 
roughly handled ; and because there is no difference of opinion on that subject, and 
because no experimental science can well prosper if one man is to judge for another 
what experiments are justifiable to institute or to repeat, or are likely to give im- 
portant results, I do deplore the clamour which well-meaning persons have raised, 
and regret that it has been so far yielded to. 

In Anatomy the most important progress in recent years has been made in those 
departments which abut most closeJv on Physiology, namely, the microscopy of the 
tissues and development. The whole conception of the nutrition of the body has 
become altered in comparativelv recent years by the additions to our knowledge of 
the nucleated corpuscles, which are the living elements of which it is composed j 
and principally by the recognition of the secondary nature of cell-walls^ the close 
connexion or even continuitv of the nerves with otner textures, and the identity of 
the white corpuscles of the blood with amoeboid or iindifterentiated corpuscles out- 
side the vessels. The origin of every living corpuscle from corpuscles preexisting 
is no longer difficult to imagine, but may, I incline to think, be almost looked on 
as proved. The history of each may be traced back through conjugated germs to 
tho corpuscles of preceding generations in uninterrupted succession, and the pedigree 
of the structural elements is seen to differ in no way from that of individual plants 
or animals. It is true, indeed, that no absolute proof exists that new living cor- 
Busclea originarinjg by mere deposit are not added to the others j but the evidence 
againet s»^ a thing taking place is exactly of the same description as that which 
exists against spontaneous generation of independent organbms, namely, that things 
previously unexplained by the theory of parentage are explained now, while, on 
the other hand, there is no sufficient evidence of the origin of life by any other 

mode. . . 

The advance of Histology in recent years is owing in part to the facility of ob- 
tfliping good microscopes at moderate prices having brought the study within the 
reeoh of# great and inoreasing crowd of observers. ' At first the progress of His- 
tology was influenced by the steps pf improvement in the manufacture of micro- 
scopes j but noW/ for a number of years backi we have been in possession of 
ine&uments thoroughly suited for the investigation of tissues,* and I think it will 
be genewdly admitted that the highest powers which have been manufactured are 
not those which have advanced discovery most, or are most likely, in the present 
filato of science, to yield the richest harvest. We appear to be more dependent 
now on new methods of prepararion. Thus, if we go back for a cpnsioerablQ 
number of years, we cannot out remember what a valuable addition glycerine 
proved when it came first mto use, and what a harvest of discovery followed the 
mtroduction of chromic acid. More recently, the methods of transparent injeo- 
tioii| of preparing sections by imbedding, the neezing of tissues, the use of carmine 
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and other pigments for staining, the resort to metallic depositions by the use of 
osmic acid, silver and gold, and a variety of other additions to our means of pre^ 
paration have produced results of an astonishing kind, which have changed the 
whole aspect of histology from that which it wore when I myself first bDok an 
interest in the subject. 

Leaving Histolo^, I shall devote the rest of my remarks to the morphology of 
the Vertebrata. Here I am less disposed to indulge a gratulatory vein. No doubt 
within the last dozen years we have had work to be grateful for. Worthy of a 
prominent place in this, as in other depai'tments of anatomy, is the encyclopesdie 
work, the ‘ Iie9ons ’ of Milne-Edwards, invaluable as a treasury of reference to all 
future observers ; while the memoirs of Gegenbaur on the carpus, on the shoulder- 
girdle, and on the skulls of Selachian fishes, and Kitchen Parker’s memoirs devoted 
to mature forms, may be taken as examples that morphological problems suggested 
by adult comparative anatomy have not lost their attraction to men capaole of 
elaborate original research. And I the more willingly select the names of these 
two writers, because on one subject on which they have written, the shoulder- 
girdle, I am compelled to differ from their conclusions and to adhere rather to those 
of Owen, so far as the determination of the difterent elements in fishes is concerned ; 
and by stating this (although the subject cannot be now discussed) I am enabled 
to illustrate that the appreciation of the value of elaborate and painstaking work is 
a matter totally distinct from agreement with the conclusions which may be arrived 
at in the investigation of complicated problems, although wisdom and penetration 
as to these must ever command admiration. 

But when one looks back on the times of Meckel and Cuvier, and on the activity 
inspired by the speculations of the much-abused Oken, the writings of Geoftroy 
St. -Hilaire, the less abstrusely speculative part of the works of G. C. Cams, and 
the careful monographs of many minor writers; when one reflects on the splendid 
grasp of Johannes Muller, and thinks of the healthy enthusiasm created in this 
country for a number of years by Owen’s ^ Archetype and Homologies of the Ver- 
tebrate Skeleton,’ and then contemplates the state of vertebrate morphology at the 
present moment, it seems to me that its homological problems and questions of 
theoretical interest do not attract so much attention as they did, or as they deserve. 

There can be no doubt that a great and curious influence has been exercised on 
morphology by the rise of the doctrine of the origin of species by natural selection. 
Attention nas been thereby directed strongly for a number of years to varieties \ 
and probably it is to this doctrine that we owe the larger number of observations 
mode on variations of muscles, nerves, and other structures. Particularly elaborate 
have been the records of muscular variations, very praiseworthy, interesting to the 
recorders, very dry to most other peopk, and hitherto, so far as I know, barren 
enough of any general conclusions, wo much the more credit is due to those 
who have worked steadily in faith that beauty will emerge to gild their results 
some day. 

But the doctrine of Natural Selection has had a further effect in anatomical 
study, aiding the reaction against the search for internal laws or plans regulating 
the evolution of structures, and directing attention to the modifying influences of 
external agencies. This effect has happened naturally enough, but it has been far 
fifom just ; rather is it a pudulum-nue swing to another extreme from what had 
previously been indulged m. The doctrine of natural selection stoits with the 
recognition of an internal formative force which is hereditary ; and in the develop- 
ment of the doctrine, the limits of hereditary resemblance have been greatly studied; 
and further, it will be observed that one of the fundamentals of the doctrine is, 
that the formative force alters its character gradually and permanently when traced 
from generation to generation in great tracts of time. Now I am not going to enter 
on a threadbare discussion of the origin of species in this company ; suffice it to 
say that, while the existence and extensive operation of such a thing as natural 
selection seems to have been convincingly proved, it is a very different thing to 
allege that it has been the sole, or even the principal agent in producing the evolu- 
tions of living forms on the face of the earth. So far as Anatomy is concemed> it 
is a secondary matter whether the link between the members of tne evolving hosts 
of life have been genetic or not. But I wish to point out that, even pushing tha 
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Darwinian theory to the utmost possible extreme, the action of external agents 
infers the existence of something acted on ; and the less directly theyact, the more 
importance must be given to the hereditary or internal element. We are there- 
fore presented with a formative force, which exhibited itself in very simple trains 
of phenomena in the first beginnings of life, and now is manifested in governing the 
complex growth of the highest forms. We are set face to face with that formative 
force, and ai’e obliged to admit its inherent capability of changing its action ; and 
that being the case, is it more of an assumption to declare that the changes are all 
accidental and made permanent by accident of external circumstance, or to con- 
sider that it has been the law proper to this force to have been adequate to raise 
forms, however liable to modification by external circumstances — to raise them, I 
say, from the simple to the complex, acting through generations on the face of the 
earth, precisely as it acts in the evolution of a single egg into an adult individual ? 
This is that formative force which has been elaborately shown by Mr. Darwin, in 
launching his theory of pangenesis,” not only to be conveyed through whole or- 
ganisms and their seed, but to pervade at all times the minutest particles of each j 
and I merely direct attention to the fact that its extension over the whole history 
of life on the globe must be granted, and ask if, in the range of forms which furnish 
at the present day an imperfect key to the ages which are past, there is not exhi- 
bited a development comparable, in its progression to definite goals, with what is 
shown in the life of a single plant or animal. For my own part, I am fully con- 
vinced of a unity of plan running through animal forms, and reaching, so far as the 
main line is concerned, its completion in the human body. I confess that I think 
that there is evidence that animal life has reached its preordained climax in 
humanity ; and I cannot think it likely that, as myriads of years roll on, descendants 
differing in toto from man will be developed. To argue the subject would be to 
enter on the largest subjects of morphological anatomy, and on speculations on 
which agreement could not be expected. Even, however, in the nature of the 
variations in the human race there seems to be some evidence that the progress of 
evolution is to be traced from man, not to other animal forms yet to appear, but, 
through his psychical nature, into the land of the unseen. Those variations, keep- 
ing out of view difierences of bulk and stature, which appear to have some relation 
to geographical position, are principally to be found in the head, the part of the body 
most closelv connected with the development and expression of the mental cha- 
racter ; and I may mention that when, some years ago, my attention was directed 
to the variations of the skull, the only part whose variations in difterent races I have 
had opportunity of studying with any dogree of minuteness, I became satisfied that 
in uncivilized races there might be distinguished skulls which had undergone here- 
ditary degeneration, others which had reached the most advanced development 
possiole for them, and a third set, notably the Kaffirs, with large capabilities for 
improvement in the future. Indeed it is beyond doubt that there is a limit for 
each type of humanity beyond which it cannot pass in the improvement of the 
physical organization necessary for mental action*. 

There are also some curious indications in human structure of the formative force 
nearing the end ofits j oumey. In the details of the skeletons of other animals one sees 
the greatest precision of form ; but there are various exceptions to this neatness of finish 
in the skeleton of man, and they are found in parts specially modified in connexion 
with the peculiarities of his development, and not requiringexactnessof shape forphy- 
siologicaf puiposes ; while, on the other hand, physiognomical mould and nicety of 
various physiological adaptations are found in perfection. Look at the variations 
in the breast-bone, especially at its lower extremity, which is never shapely, as it 

♦ I allude to the circumstances — that under the influence of civilization the length of 
the base of the skull does not increase, but positively decreases ; that the proportion of the 
extent of the arch to the base has strict limits ; that the curvature of the base in some un- 
civilized races falls slightly short of the normal ; that in others it transcends the normal 
by a peculiar process of degeneration between the sphenoid and ethmoid ; and that increased 
capacity of the cranial cavity in the progress of civilization is obtained almost entirely by 
increase of breadth and by the rounding out of those flat surfaces above and b^ow the 
temporal ridges which give savage skulls a roof-like appearance, (See ** Inquiry into Yari- 
ations of SkuU,” Phil. Trans. 1870.) 
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is in the lower animals. Look at the coccygeal vertebrae ; they are the most irre- 
gular structures imaginable. Even in the sacrum and in the rest of the column the 
amount of variation finds no parallel in other animals. In the skull, except in some 
of the lowest forms of humanity, the dorsum sellce is a ragged, warty, deformed, and 
irregular structure, and it never exhibits the elegance and finish seen in other ani- 
mals. The curvature of the skull and shortening of its base, which have gradually 
increased in the ascending series of forms, have reached a degTee which cannot be 
exceeded j and the nasal cavity is so elongated vertically, that in the higher races 
nature seems scarcely able to bridge the gap from the cribriform plate to the palate, 
and produces such a set of unsymmetrical and rugged performances as is quite pecu- 
liar to man j and to the human anatomist many other examples of similar pheno- 
mena will occur. 

Questions of homology are matters which must bo ever present in the study of 
structure^ as distinct from function — ^both the correspondence of parts in one species 
to those in others, and the relations of one part to another in the same animal ; and 
perhaps I shall best direct attention to the changes of opinion on morphological 
subjects in this country during the last twenty-five years by refernng shortly to the 
homological writings of three eminent anatomists — Professors Owen, Goodsir, and 
Huxley. 

For the first time in English literature the great problems of this description 
were dealt with in Professor Owen’s work already referred to, published in 1848 j 
and it is unnecessary to say that, notwithstanding the presence of unquestionable 
errors of theory, that work was a moat valuable and important contribution to 
science. The faults in its geneml scope were justly and quietly corrected by Good- 
sir at the Meeting of this Association in 1851> in three papers, one of them highly 
elaborate ; and in these he showed that the morphology of vertebrate animals could 
not be correctly studied while reference was made exclusively to the skeleton. He 
showed the necessity of attending to all the evidence in trying to exhibit the under- 
lying laws of structure, and especially of having constant regard to the teachings of 
embryology. Among the matters of detail which he set right it may be mentioned 
that he exposed the untenability of Professor Owen’s theory of the connexion of the 
shoulder-girdle with the occipital bone, and pointed out that the limbs were not 
appendages of single segments corresponding with individual vertebrtc. Referring 
to the development of the hand and foot, he showed the importance of observing 
the plane in which they first appear, and that the thumb and great toe are originally 
turned toward the head, the little finger and little toe toward the caudal end of the 
vertebral column. But he probably went too far in trying to make out an exact 
correspondence of individual digits with individual vertebral segments, failing to 
appreciate that the segmentation originally so distinct in the primordial vertebrae 
becomes altered as the surface of the body is approached — a truth illustrated in the 
vertebral columns of the plagiostomatous fishes, in the muscle-segments over the 
head in the pleuronectids, and in the interspinal bones bearing the dorsal and anal 
fin-rays of numbers of fishes, hut, so far as I know, not hitherto sufiiciently appre- 
ciated by any anatomist. 

Goodsir also exploded, one would have thought for ever, the erroneous theory of 
the correspondence of the mammalian tympanic plate with the quadrate bone of 
birds and the su^ensorium of fishes, directing attention to the neglected hut just 
appreciation by ^.-Hilaire of the homological importance of the ossicles of the ear, 
and to the embryological work of Meckel and Reichert. But undoubtedly he fell 
into great mistakes of his own in matters of detail connected with the exceedingly 
difficult question of the correspondence of the bones of the skull, the principal of 
these probably being an unfortunate notion that the great frontal of fishes was a 
bone which (lisappeared from the skulls of mammals, a notion which spread its 
influence over his determination of a number of other elements, and introduced a 
confusion which made his paper on the skull hard to understand. 

In 1858 Professor Huxley delivered his Oroonian Lecturei. on the vertebrate 
skull, and in 1863 his lectures at the Royal College of Surgeons on the same sub- 
ject. He profited by the wisdom of Goodsir, and studied the works of Rathke, 
Reichert, and other embryologists. But, rightly or wrongly^ lie took a step further 
than Goodsir. He assumed from the first ^at the homologies of adult structures 
1875. 11 
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could be determined by development, and that by that study alone could they be 
finally demonstrated. As regards tne skull, the constitution of which always 
remains the central study of the vertebrate skeleton, his writings marked the intro- 
duction of a period of revulsion against not only the systems of serial homologies 
previously suggested, but even against any attempt by the study of the varieties of 
adult forms to set them right. Sir. Huxley has added materially to the previously 
existing number of interpretations as to what elements correspond in different 
animals, and in doing so has found it necessary to make various additions to the 
already troubled nomenclature. Those who consider these changes correct will of 
course see in them a prospect of simplicity to futiue students j but to those who, 
like myself, have never been able to a^ee with them, they are naturally a source 
of sorrow. Among the changes referred to may be mentioned the theory of the 
*^periotk hones,' That theory I vetiture to think a very unfortunate one, intro- 
ducing a derangement of relations as wide spread as did Uoodsir’s theory of the 
fronted bone. And do not think me presumptuous in saying so, seeing that this 
theory is in antagonism with the identifications of every anatomist preceding its 
distinguished orij^nator, not excepting Cuvier and Owen ; nor is it easy to dis- 
cover what evidence it has to support it against the previously received decision 
of Cuvier as to the external ocelpital and madoid of fishes. Without entering into 
the full evidence of the subject; it may be stated that, so far as this theory affects 
the alisphenoid in the sloill of the fish, it must he given up, and the determination of 
Professor Owen must ho reverted to, when it is considered that in the carp the third 
and fourth nerves pierce what that anatomist terms the orhitosphemid, the bone which 
is alisphenoid according to the theory which terms the alisphenoid of Owen the 
prootic. A proof still more striking is furnished by Malaptei'urus and other Silurids, 
in which the bone in question is pierced by the optic nerve. That being the case, 
the prootic theory will be seen to have arisen partly from giving too much impor- 
tance to centres of ossification, and partly from considering the nerve-passage in 
front of the main bar of the alisphenoid of Owen as corresponding with foramen 
omit of man rather than with the foramen rotnndum and sphenoidal fissure. A 
spiculum, however, separating the second from the third division of the fifth nerve, 
and having therefore the precise relations of the mammalian alispimiotd, does exist 
in the carp and other fishes. But in reptiles Professor Huxley’s determination of 
the alisphenoid is right, and Professor Owen’s clearly wrong ; for in the crocodile 
the alisphenoid of Huxley and others is perforated by the sixth neiwe, so that it 
cannot have any claim to be called orhitospnmoid. I must, however, maintain against 
Prof. Huxley’s view Prof. Owen’s determination of the nasal in fishes, notwith- 
standing that Prof Owen has failed to appreciate the exact relation of that hone 
to the nasals of mammals, and has thereby laid his position open to attack. The 
arguments on that point Prof Huxley was good enough to lay before the public 
fourteen years ago, by kindly reading for me before the Royal Society a paper 
'which BUDsequently appeared in its ^Transactions;’ and I am not aware that any 
one has since attempted to controvert them, 

I shall not trouble you further with such matters of detail ; but it will be clear 
from wliat has • been said that the beginner in comparative anatomy must at 
the present day find himself at the outset, in the most important part of his osteo- 
logical studies, fhoed with a diversity of opinion and confusion of nomenclature 
sufficient to produce much difficulty and to have a repelling effect on many minds. 
Bttch difficulues might well be encountered with enthusiasm where a belief existed 
that behind them lay a scheme of order and beauty ; but not many will spend time 
investigating such intricate details if they doubt the interest oi the general con- 
clusions likdy to be reached by mastering them. On this account it is a great pity 
that the scepticism generat^ partly by the difficulties of the subject, and partly by 
reaction fh)m the dogmatism of the admirers of Oken, does too frequently dis- 
courage the investi^tion of the serial homologies of the parts entering into the 
segments of the skili, and the determination of the nature and number of those 
segments. It is a jpity that so much clamour has been made for a number of years 
a^dnst the expression ‘‘vertebral theory of the skull,” because fighting against 
words is but stupid warfare at the best, and because aU that was re«dly meant, imd 
that could be justly stated, could have been brought into promlusnce Without ok 



transactions op the sections. 


139 


jecting to a time-honoured phrase. It is questionable if any one who ever used the 
convenient term vertebral theory ” meant to indicate more than a certain com- 
munity of plan on which were built the segments of the skull as well as those of 
the spinal column ; that, in fact, the two constituted one complete chain, of which 
the first few segments were so different from the rest that, till Oken pointed the 
fact out, it was not recognized that they were segments lying in lineal continuity 
with the rest. But the matter has recently stood thus : — that to some minds, in the 
imperfect state of our knowledge, one thing seemed essential to a segment compa- 
rable with the rest, and to others something else seemed requisite ; and the oddity 
of the position of affairs is this, that the objectors to the phrase vertebral theory 
have been as crotchet}’’ in setting up imaginary essentials to a segment as their 
neighbours. On the one side we were taught to expect certain definite osseous 
elements in each segment, to which definite names were given ; while, on the other, 
in opposition schemes, centres of ossification have been built on as matters of pri- 
mary consequence, although a glance at the modifications in tho vertebral column 
proper might convince any one that they are things of the very slightest impor- 
tance morphologically. Also those who have objected td speaking of cranial ver- 
tebrae have put great impoitance on tho point at which the chorda dorsalis termi- 
nates, although it has been long Imown that in one animal the chorda dorsalis runs 
right on to the front, that in others it fails to enter the skull at all, while in the 
majority it passes for a certain distance into the base. Johannes Muller, on such 
grounds, concluded, thirty years ago, that the presence of chorda dorsalis was not 
necessary to constitute a cranial vertebra ; and there seems no reason to doubt that 
he was right. Looking at the early embrjm, the cerebro-spinal axis is seen to be 
one continuous structure ; and the walls of "the canal containing it are likewise mani- 
festly continuous, not at first distinguishable into a spinal and a cranial portion. 
Looking at the adult condition, in the higher classes the vertebrae of the tail are 
seen dwindling into mere bodies developed round the chorda dorsalis^ and giving 
off rudimentary processes without separate centres of ossification, while towards 
tho head the bodies diminish and the arches enlarge ; and in the skull the chorda^ 
round which the bodies in the rest of the column are developed, comes to an end, 
and the neural arches are enormously enlarged and have additional centres of ossi- 
fication, precisely as in the mammalian thorax costal centres of ossification are 
found which do not exist in the costal elements of cervical vertebim. It would 
therefore be quite as justifiable to object to the term vertebra os applied to a joint 
of the tail because it has no lamina*^ or none with separate centres of ossification, 
os to object to its applicability to segments of the skull because the chorda is ab- 
sent, or the osseous elements difterent in number from those found usually in the 
segments of the trunk. 

However, it is gratifying to observe that among the most recent additions to 
morphological anatomy there is a highly suggestive paper by Professor Huxley, 
appearing in the Royal Society’s * Proceedings ’ for iJecomber last, and entitled 
“ Preliminary Notes upon the Brain and Skull of Amphtoms Umceolatm^^ in which 
the learned Professor, who has for many years been the most determined opponent 
to the mention of cranial vertebr®, declares, so far as I can apprehend his meaning, 
that the region of the head represents no less than fourteen segments, all of which 
he terms protovet'tehnB in Amphioxus. This determination of correspondences is 
mode the more remarkable by being followed up with a suggestion that the nume- 
rous protovertebrfiB lying in front of the fourteenth in Amphioxus are represented 
only by muscles and nerves in the higher vertebrates. 

1 hail this paper as being practically at last an ample acknowledgment that 
there is no escape from admitting the correspondence of the region of the head with 
the segments of the trunk ; but the details of the new theory scarcely seem con- 
vincing j andji might have preferred to leave its discussion to others, were it not 
that the notions which it opens up are far too important to allow it to be passed 
over in any account of the present state of opinion on the subject of vertebrate 
morphology. The argument in this new theoiy runs thus : that tho palate-curtain 
of Amphmm is homologous with that of the lamprey, and that the palnte^urtain 
of the lamprey is attached below the ear ; that tnerefore all the seven sej^ents 
eeen in front m the palate-curtain of Amphioxui are represented dy parte in front 
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of the ear in the lamprey and the other Vertebrata. A^ain, the branchial arches of 
the higher Vertebrata are assumed to be of the nature of ribs, and in none of the Ver- 
tebrata next above Amphtoxus are there more than seven pairs of branchial arches, 
BO that not more than eight ihyotomes (and consequently protovertebrje) of -4m- 
phioxusy in addition to those already mentioned, can be reckoned as the equivalents 
of the parachordal redon of the skull in the higher vertebrates.” Everv thing, 
observe, depends on tne segment to which the palate-curtain of Amphioxus belongs. 
Now I have already pointed out to you that the segmentation of the vertebrate 
body is not perfect j and there is no method by which the alimentary canal, of 
which the mouth and palate are the first part, can be divided into segments cor- 
responding with the cerebro-spinal nerves. Most certainly we cannot judge that a 
portion of a viscus belongs to a paiticular segment from its lying underneath some 
other structure in definite relation, like the ear, to the cerebro-spinal system ; for 
then should we be obliged to grant that one half or more of the heart belongs to 
segments in front of the ear, since it is undoubtedly so situated in a chick of the 
thirty-sixth hour. But the branchial arches are in front of the heart, and, accord- 
ing to the theory which we are considering, are behind the ear j thus the principle 
assumed in the starting-point of the theory is taken away. 

Again, it is important to observe that the branchial skeletal arches cannot he 
ribs, for they lie internal to the primary circles of the vascular system formed by 
the branchial arteries and veins, while the ribs are superficial to both heart and 
aorta. If the ribs are represented at all in the branchial apparatus (and I doubt it 
very much), it is by the cartilages superficial to the gills in sharks, rays, and dog- 
fishes ; and it would seem impossible for any one who has dissected them to doubt 
that those cartilages are homologous with the branchial skeleton of the lamprey, 
which they somewhat resemble. In fact if the external and internal branchial 
openings of the lamprey be enlarged, its gills are reduced to a form similar to those 
of the shark. 

There is nothing in this, however, which interferes seriously with the proposed 
theory of the skull. It is merely a point in the argument which I have thought 
right to clear. More important it is to remark that, on the supposition that 
numerous protovertebrm are represented in the region of the head, there are most 
serious difficulties interfering with the idea that they are, as Professor Huxley 
states, represented only by muscles and nerves in the higher Vertebrata,” and that 
there is any correspondence between the oculo-motor, pathetic, trigeminal, and 
abducens nerves with the muscles of the eye and jaws ’’ and the regular nerves and 
muscle-segments of the fore part of Amphioxvs, Even in the lamprey the eye- 
balls are supplied with muscles similar to those to which, in other vertebrates, the 
oculo-motor, pathetic, and abducens are distributed j and I find in the large species 
that, notwithstanding this, the series of regular muscle-segments is continued over 
the head, not indeed in the same way as in Mixine, but in a highly instructive and 
curious manner. The five foremost muscle-segments have their upper extremities 
attached considerably in front of the nasal opening by a short tendon, which 
touches its fellow in the middle line ; and extending thence in an outward and 
backward direction they pass behind the eyeballs, the first two running in front 
of the first gill-pouch, and the third lying over it. Therefore, in this instance, as 
surely as the nostril is in front of the eye, so surely the upper extremities of these 
muscle-segments are shifted forwards out of their morphological place, probably in 
connexion with the great protrusion of the jaws for the physiological purpose of 
forming a sucker. There is no escape from granting this shifting, even were it 
possible to believe that the eyeball could be further forward than tiie nostril ; for 
while the fifth muscle-segment can be traced in front of the nostril, the sixth 
occupies the interspace between the skull and first vertebra, so that if the muscle- 
segments are taken as a guide, the whole skull, forward to the nostril, belongs to 
one intersegmental space, a view which is clearly absurd. The succeeding inter- 
muscular septa correspond each with a cartilaginous vertebral arch; and it is 
interesting to observe that the branchial cartilages are not placed one for each 
septum, iSke the fibrous representatives of ribs detectable within the septa ; for the 
second cartilage is opposite the sixth septum, the third opposite the ninth, the 
fourth opposite the eleventh, the fifth opposite the thirteenth, and the sixth and 
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eeventli opposite the fourteenth and fifteenth septa j and this is one reason for 
doubting that even these superficial branchial cartilages, though attached to the 
vertebral column, are to be regarded as ribs. 

It may be noticed as a wholesome symptom in anatomical speculation, that the 
new theory which has led to these remarks is founded on arguments drawn alto- 
gether from comparison of different species, and not from embryology, a very 
remarkable circumstance as coming from one who so lately as last autumn reite- 
rated in this Section his slowness to believe in reasonings founded on adult forms, 
and even on later development.” The wisest know so little, that humanity must 
be content to gather information from every possible source, and leave no set of 
ascertained facts out of view in attempting to arrive at generalizations. If we had 
before us all the adult anatomy of every species that ever lived on the earth, we 
should only then have the record completed from which to frame a full system of 
morphology ; and as matters stand we must translate embryological phenomena 
with the aid of the series of adult forms, as well ns translate the teachings of the 
adult series with the aid of embryology. 

Falling hack on my proposition, that the segments of the vertebrate body are 
nowhere complete, and that segmentation at one depth may exist to a greater ex- 
tent than at another, I may mention certain embryological phenomena in the brain, 
which have received too little attention, and which to some extent warrant belief 
in a larger number of segments in the head than is usually admitted ; although I 
do not see that they are necessarily at variance with that theo]^ of seven s^ments 
in every ossified skull which 1 indicated in 1802. In the chick, in the middle of 
the second day of hatching, already is the third cerebral vesicle divided into a 
series of five parts, separated by slight constrictions, the first part larger than those 
which succeed, and the last part narrowing to the spinal cord. The auditory 
vesicle lies opposite the constriction between the fourth and fifth parts. ^ At the 
end of the second day and dming the third, these divisions assume dimensions 
which give them a general appearance exceedingly similar in profile to the proto- 
vertebrse of the neck. In the following day they exhibit a more complex appear- 
ance, and after that the first compartment alone remains distinct as cerebellum, 
while the divisions between the others disappear in the thickening of the cerebral 
walls. In their first two stages, Mr. Huxley, whom I have already referred to so 
often, has figured these crenations, but he has not, so far as I know, described 
them. 

I may also direct attention to another embryological point, to which I referred 
last year at Belfast as a probability. I speak now from observation. That which 
is termed the first cerebral vesicle in the early part of the second day of hatching 
of the chick, is an undifterentiated region bf the brain from which a number of 
parts emerge successively from behind forwards. As early as the thirty-sixth hour 
the optic nerves can he traced, separated from the rest of the vesicle by distinct 
elevations of the floor of the brain, reaching inwards to the constriction between 
the first and second vesicles : and as early as this date the first trace of bifidity of 
the brain in front may be discerned— that bifidity which, to my thinking, is only- 
one of several instances of longitudinal fission in the fore part of the head, the 
trabeculae presenting another instance of the same tbin^, and the cleft between the 
maxillary lobe and the part of the head above it a third ; while in the muscular 
system such longitudinal cleavage or fission is common even in the trunk. In a 
chick of the third or fourth day, when rendered very transparent, the optic nerves 
can be seen extending from beneath the front of the optic lobes ; while in front of 
the optic lobes there are placed in series from behind forwards a posterior division 
of the first vesicle, an anterior division, the cerebial hemispheres, and the olfactory 
lobes. Thus there is a large supply of material presented in the brain for the sti dy 
of segmentation ; the difficulty to be overcome oy future inquiry and careful col- 
lation of all available facts is to determine the Value of the parts placed one in 
front of another. 

Perhaps I have occupied time too long with matters involving a large amount 
of technical detail ; but I trust that I may have, in some measure, iUustrated that 
both in aim and in accomplished work Anatomy is no mere collection of discon^ 
nected &cts, no mere handmaid of the physician and surgeon, nor even of Ph 3 > 
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fidology. I do not doubt that it is yet destined, as dealing with the most complex 
seouances of phenomena, to take the highest place among the sciences as a guide 
to Philoscmhy. One cannot help noticing the increased importance now given to 
Natural-History studies as a part of education ; and it is worth while to note that 
it is most of all in Anatomy and Physiology that the close connexions of matter 
with mind ai'e brought imaer review, — Physiology exhibiting the relations of our 
own mental being to our bodies, and Anatomy revealing a body of organized Nature, 
whose organization points to a source of beauty and order beyond. 

The people of Bristol do well to rally round their Medical School. They do well 
to furnish it with buildings suitable for the prosecution of all the Natural-History 
studies which adhere to medical education ; and they do well to join with that 
school a complete College of literature and science. Let us hope that they will 
make it worthy of so w^ealthy and historic a city. But if they will have their 
medical school the success which in so flourishing a locality public enthusiasm 
may well make it, and they will have it aid as well as be aided by a school of 
general education, let them follow the system latterly adopted in Oxford and 
Cambridge, long carried out in the Universities of Scotland, and recognized, thougli 
not in all instances sufliciently provided for, in Ireland, Let Anatomy, human 
and comparative, receive its place as an important and fundamental science. Let 
thorough and adequate provision be made for its being taught as a science ; and 
see that it do not, as in too many medical schools which shall be nameless, dege- 
nerate to the etymological and original meaning of the word, a mere cutting up 
of carcasses. 


, Antheopologt. 

Address to the Department of Anthropology » By Geokge lioLLEsroN, i/.Z)., 
F,E,S,f F,S.A,, Lina^re Professor of Anatomy and Physiology, Occford, 
Vice-President of the Section^ 

Some few weeks ago Mr, James Parker, of Oxford, invited me to visit your Somer- 
setshire caves, in the company of the Warwickshire Naturalists’ and Archaeologists’ 
Pield Club. It struck me that I should do well, as I was to preside over the An- 
thropological Department at this British-Association Meeting, if I tried to learn as 
much as I could of the relics and of the surroundings of the Prehistoric inhabitants 
of your neighbourhood j and for this, as well as for other reasons, I gladly accepted 
the invitation. During that pleasant midsummer excursion I was more than once 
impressed with the similarity which its incidents boro to those of the undertaking in 
which we are now engaged, and, indeed, to those of the study of Anthropology genermly. 
First the organization of the expedition had entailed some considerable amount 
of labour upon those who had charged themselves with that duty j and, secondly, 
a thorough exploration of the recesses and sinuosities of the several caves which we 
explored devolved upon us not only a good deal of exertion, but even some slight 
amount of risk j for the passages and galleides along which we worked our way were 
sometimes low and narrow, often steep, and neaily always slippery. Thirdly, the 
outline of the regions explored bore quite diflferent aspects accordingly as we lighted 
them up or had them lit up for us in one or in another of several different ways. 

If in any segment of these caves the outside daylight could anyhow find a zigzag 
way down some shaft into the interior, that segment wore a general aspect more 
comfortable to the eye, and so to the mind, than others not so Uluminated. These 
latter regions again varied greatly inter se, according to the various artificial means 
employed for lighting them up. The means ordinarily used for this end made their 
outlines look a little colder ^d haider than the reality itself, cold and haid though 
this was ; whilst under certain other modes of illumination employed (it is true, only 
occasionally, and for purposes of effect, not ex necessitate) the self-same outlines 
looked somewhat lurid. But, howsoever produced and jbowsoever affecting us, the 
light was light nevertheless, and, on the whole, we preferred it a good deal to the 
darkness. It is never well to press a metaphor too far nor too closely j so I will 
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now lay aside my parable, though it admits of some further exieRsion, and take up 
the actual business of the Department. 

It may be well to lay before the Department, first of all, the titles of a few of the 
principal subjects upon which we have papers prepared for us ; and after, or indeed 
during the enumeration of these specimens of what will prove, I can assure you, a 
very valuable series of inemoirs, we can proceed, as will naturally suggested, to 
those general considerations with which it is customary to open the transactions of 
such assemblages as ours. 

First among our contributors I must mention the President of the London An- 
thropological Institute, in which Institute the Ethnological Society of 1844 and 
the Anthropological Society of 1863 are united. Colonel Lane Fox has told us 
(Archeeologia, xlii. p. 46, 1809) that it was whilst serving on the Subcommittee of 
Small Arms in 1851 that he had his attention drawn to the principle of continuity 
by observing the very slow gradations of progress that were taking place at that 
time in the military weapons of our own country. Out of those labours of his on 
that Subcommittee other benefits have arisen to the country at large, of which it is 
not my province to speak. What I have to speak of is his suggestion, put out with 
greater definiteness in his invaluable Lecture on Primitive Warfare, delivered be- 
fore the United-Service Institution, June 6, 1868 (p. 15), to the effect that his find at 
Oissbury furnishes the links which were wanting to connect the Palasolithic with 
the Neolithic Celt types. Sir John Lubbock^ and Mr. Evans f have told us that 
they do not see their way towards accepting this view ; and Mr. James Geikie, 
who holds that the palicolithic deposits are of preglacial and interglacial age, is 
almost necessitated, ex hypothesis to r(mudiate any such transition. He does so 
^p. 436-438 of his work on the Great Ice Age) in language which shows us that 
Colonel Lane Fox’s lecture just referred to, with its diagram No. 1 (printed, it is 
true, for private circulation), could not have met his eye. Colonel Lane Fox’s 
paper will relate to further explorations canded on at Oissbury during the present 
year by a Committee of the Anthropological Institute with the kind permission of 
Major*^Wi8den, the owner of the soil. It will raise more than one large question 
for us to address ourselves to. I shall, when Colonel Lane Fox’s paper comes befoie 
the Department, contribute towards its discussion by showing a number of Hints 
from Oissbury, given me by my Mend Mr. Ballard, of Broadwater. 

Mr. Pengelly will, on Monday, give us an account of the ‘‘ Anthropological Dis- 
coveries in Kent’s Cavern.” A more interesting subject will not often have been 
treated in a more interesting manner. 

Pol}Tiesia and Australasia generally have always been an interesting field for tlie 
anthropologi.st. Our recent acquisition of Fni makes it doubly interesting to us 
just now,* and a flood of literature has burst forth upon us to meet that interest. 

Professor Dr. Carl E. Meinicke is to be heartily congratulated on having, in the 
present year, brought out a work on the islands of the Pacific Die Inseln der 
Stillen Oceans, eine geographische Monographic.’ Erster Theil, Melanesien und Neu- 
soeland. Leipzig, 1875), in which he can, with nut unbecoming pride, say that he 
is still working upon the same principles which guided him nearly fifty years ago 
in the composition of his works on the continent of Australia and the South-Sea 
races. Though I possess Professor Meinicke’s works, I am not as yet entirely in 
possession of all his views ; but so far as I can see, they are well worthy of atten- 
tion. I do not hesitate, however, at all in saying that the most important contri- 
bution to the ethnology of Polynesia which has been made recently is the article 
on that subject in the ^ Contemporary Keview ^ for February 1873, by the Rev. S. 
Whitmee, of Samoa. And I may say that I am not without hopes that we shall he 
favoured with some papers upon the ethnology, anthropolo^, and future prospects 
of the Polynesian race by other persons eminently qualified to speak upon the sub- 
ject, as having spent many years usefully among them, and on tne spot. I observe 
that writers who have little respect for most things else, and by no means too much 
for themselves, speak stiU with something like appreciation of the work done iu 
those regions by the London Missionary Society ; and we here shall value highly 
any papers which we may be favoured with from men who have had such long and 
* Nilsson’s * Primitive Scandinavia,’ Editor’s Introd, p. 24, 
t ‘ Flint Implements,’ p. 72. 
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such favourable opportunities for forming opinions on matters which touch at once 
our national and our scientific responsibilities. 

What question can be of closer concernment than that of the possibility of rescu- 
ing the inhabitants of Polynesia from that gradual sliding into extinction which 
some writers appear to acquiesce in as the natural fate of such races. As a text for 
our discussions upon this sul^ect, I will here quote to the Department a passage 
from the continuation of ^ aitz’s ^ Anthropologie ’ by Dr. Gerland — the autho]^ 
be it remembered, of a special Monograph upon the Causes of the Decrease and 
Dying-out of Native Races, which appeared in 1868 (^Ueber das Aussterben der 
Naturvolker,’ Leipzig), and has been often referred to by writers on anthropology 
since that year, and is referred to by himself in the passage I now lay before you. 
It runs thus (‘Anthropologie der Natovblker,^ von Dr. Theodor Waitz, fortgesetzt 
von Dr. Georg Gerland, 1872, vol. ii. pp. 512, 513) : — 

^‘The decrease of the Polynesian populations is not now going on as fast as it was 
in the first half of the century ; it has in some localities entirely ceased, whilst in 
others the indigenous population is actually on the increase *. From this it is clear 
that the causes for that disappearance of the native races which we discussed at 
length in the little book above referred to, are now less or no longer operative. 
For, on the one hand, the natives have adapted themselves more to the influences 
of civilization ; they are not so amenable as they were at first to the action of 
diseases, although we still from time to time have instances to the contrary at the 

P resent moment (see, for example, Ev. Miss. Mag. 1867, p. 300, Cheever, 296) [or, 
may add, our own recent information as to the destructive outbreak of measles in 
Fiji] ; they have become more able to respond to the efforts to raise their mental 
and moral status than they were ; and, with the advance of civilization, they have 
begun to avail themselves more of the remedial agencies which it brings with it. 
On the other hand, we cannot ignore the fact that the Eui'opeans themselves, in 
spite of many important exceptions, have nevertheless done a very great deal for the 
natives, and are always doing more and more for them. Whilst in this matter the 
English Government deserves great praise, and whilst Sir George Grey has done 
more for the Polynesians than almost any other man, the missionaries nevertheless 
stand in the very first rank amongst the" benefactors of these races, with their un- 
wearied self-sacrificing activity ; and Russel (‘ Polynesia,’ Edinb., 1840) is entirely 
right in saying that all the progress which the Polynesians have made was really 
set on foot by the missionaries. They have had the greatest influence upon the 
civilization of the natives ; they have taken their part and protected them when 
they could j they have further given them the fast foothold, the new fresh object, 
motive, and meaning for their whole existence, of which they stood so much in 
need. The Polynesians have often declared to the missionaries, ‘ If you had not 
come, we shoula have perished;’ and they would have perished if their country had 
not been so discovered. The resources of their physical life were exhausted ; and 
they had none of the moral nor ideal support for the needs of their spiritual nature 
which they stood so urgently in need of, as they had already attained a grade of 
culture too high to allow of their living without some support of that kind. It is 
true that extraneous .circumstances have often, especially in the outset, brought 
about their conversion — as, for example, the autliori^ of their chiefs, the force of 
example, as also, on the other hand, the occurrence of misfortune, great mortality, 
the loss of a battle, after which they wished to make the experiment of worshipping 
a new god (Russel, pp. 386, 390). And it is also true that the missionaries have in- 
troduced them to an exceedingly bigotted and often little-elevated form of Christi- 
anity; but even this has been A fortunate circumstance; for just the comprehensi- 

* See ‘Times’ of last Saturday, August 21, 1876, p. 6, Where the Natal correspondent, 
writing of the Caff res, tells us, “ we shall have to begin civilizing the natives some day. 
We h^ better have begun with them ten years ago at 200,000 strong, than now at 
360,000 ; but we had better begin with them now at 860,000 than ten years hence when 
they may number half-a-million.” Since writing as above I have received through my 
friend tiie Rev. W. Wyatt Gill a long extract from a paper written in 1861, by the Rev. 
A. W. Murray. This paper fully confirms Gerland’s more recent views as to the prospwts 
of the native races. Mr. Murray, having spent forty years in Polynesia, has the best possible 
right to be heard upon it. 



TRANSACTIONS OF THE SECTIONS, 


145 


ility, the plain appeal to the senses, of thianew religion took hold of the imagination 
f these races, and they could take hold of it with their understanding ; and how- 
oever it may have heen put before them, it was immeasurably above the level of 
eathenism, and considerably above that of Mahommedanism. Whatever the 
ogmas taught were, the ethics of Christianity were taught with them j and in 
lost cases the missionaries gave, at the same time, in their lives striking examples 
f the value of those ethics ; and the fact of their maintenance and exemplification 
fas the main thing.” 

Mr. Bagehot has been quoted by Mr. Darwin, in his ^ Descent of Man,* ed. 1, 
ol. i. p. &9, ed. 2, p. 182, as saying that it is a curious fact that savages did not 
irmerly waste away before the classical nations, as they do now before the modem 
ivilized nations ; had they done so the old moralists would have mused over the 
vent ; but there is no lament in any writer of that period over the perishing bar- 
arians.” On reading this for the first, and indeed for a second time, I was much 
inpressed with its beauty and originality ; but beauty and originality do not im- 
tress men permanently unless they be coupled with certain other qualities. And I 
fish to remark upon this statement, first, that it is exceedingly unsafe to argue 
rom the silence of any writer, ancient or modern, to the non-existence of the non- 
aentioned thing. I do not recollect any mention in the ancient writers of Stone- 
lenge, nor can I call to mind at this moment any catalogue of the vocabularies of 
he Cimbri and Teutones, of tlie Ligures and Iberians, with whom the ancients were 
wrought into prolonged contact. These little omissions are much to be regretted, as, 
f they had been filled up, a great many very interesting problems would thus have 
)een settled for us which we have not as yet settled for ourselves. But these omis- 
ions do not justify us in thinking that Stonehenge is an erection of post-Roman 
imes, nor in holding that any of the strange races mentioned were devoid of a 
anguage. But, secondly, what we know of the classical nations dates from a time 
vhen the “ merciless bronze ” had begun to give way to the dark gleaming ” steel. 
But long before the displacement of bronze weapons by iron ones, the bronze had 
lad abundant time to aisplace both stone weapons and the people who used them, 
And it is plain enough to suggest that one reason why the old moralists did not 
nuse over the disappearance of the aboriginal races lies in the fact that these races 
lad neither a contemporary Homer to sing their history, nor an Evans to interpret 
heir weapons after their extinction. The actual Homeric poems deal with a region 
hickly peopled and long subdued by a Greek-speaking metal-using race. Rhodes 
ind Crete were as different then from what Fiji and New Guinea are now, as Me- 
lon and Idomeneus are from Thakombau and Kauparahu. But, thirdly, let us ask, 
LS the philosophers did with regard to the fish and its weight in ana out of the 
lucket of water. Are the facts aoout which we are to inquire really facts P Now I 
im not going to plunge into the excursuses appended to editions of Herodotus, nor 
o discuss the history of the Minyse, or of any other race of which we know as 
ittle. But I will just quote a few verses from a beautiful passage in Job which 
ippear to me to give as exact a description of a barbarous race perishing and out- 
cast, as could be given now by a poetical observer in Australia or California* 
Speaking of such a race the poet says - 

For want and famine they were solitary, fleeing into the wilderness in former 
ime desolate and waste. Who cut up mallows by the bushes, and juniper roots 
or their meat. They were driven forth from among men, (they cried after them as 
ifter a thief ;) To dwell in the cliffs of the valleys, in caves of the earth, and in the 
ocks. Among the bushes they brayed j under the nettles they were gathered to- 
gether. They were children of fools, yea, children of base men ; they were viler 
han the earth ” (Job, chap. xxx. ver. 3-8). 

I opine that these unhappy savages must have wasted away ” imder these con- 
litions, and that there is no need, with such actual verts cmmte at hand, to postu- 
ate the working of any mysterious ” agency, any inscrutable poisonous action of 
,he breath of” civilization. What is mysterious to me is not civilization, but the 
act that people who are in relation with it do not act up to its behests. And what 
s the mystery to me is not how an epidemic can^ when introduced amongst helpless 
Polynesians, work havoc, but how it is that epidemics should be allowed to do so 
lere in England from time to time. We are but some four years away from the last 
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flmall^pox epidemic, of the management, or rather mismanagement, of which I had 
myself some little opportunity of taking stock ; and what we saw then in England 
renders it a little superfluous to search for recondite causes to account for depopula- 
tion in countiies without liocal Boards. You owe much in Bristol to your able, en-* 
ergetic, and eminently successful officer of health. Dr. David Davies, i hope he may 
flavour us with his views upon this very interesting subject, and may, knowing, as 
he well does, how much energy and knowledge are required for the reduction of a 
rate of mortality, tell us how much wickedness, perversity, and ignorance are neces- 
sary for increasing such a rate, whether in Great or in Greater Britain. I think that 
he will tell us that what is mysterious is not the power of the principles of action 
I have just mentioned, but the toleration of them. Such, at least, are my views*. 

We nave several philological papers promised us. Amongst them will be one 
by the Bev. John Earle, who is known to you in this neighbourhood as living near 
Bath, and who is known to people not so pleasantly situated on the earth’s surface 
as you are, as the author of a Handbook of the English tongue. I shall, as he wdll be 
present hereafter to speak on philology, spare myself and you the trouble of any 
remarks on that truly natural science, observing merely that Dr. Eairar t and Pro- 
fessor Hackel % are both agreed upon one point, namely that the adoption of natural- 
history methods by the students of languages has opened up for them a fresh career 
of impoHauce and interest and usefulness. 

Somersetshire is not without its historian ; and the possibility of his coming ren- 
ders it unadvisable for me to say any thing now as to the relation of history to oUr 
subject upon the present occasion. If, however, the Department can find time lo 
listen to me a second time, I shall be glad to read a short paper myself upon this 
very subject, mainly in the hope of getting Mr. Freeman to speak upon it also, 

I come now (perhaps I should have come before) to the consideration of the siib- 

i *ect of craniology and craniography. Of the value of the entirety of the physical 
listory of a race there is no question ; but two very widely opposed views exist as 
to the value of skull-measuring to the ethnographer. According to the views of one 
school, craniography and ethnography are all but convertible terms ; another sot 
of teachers insist upon the great wiath of the limits within which normal human 
crania from one and the same race may oscillate, and upon the small value which, 
under such circumstances, we can attach to difierences expressed in tenths of inches 
or even of centimetres. As usual, the truth will not he found to lie in either ex- 
treme view. For the proper periormance of a craniographic estimation, two very 
different processes are necessary : one is the carrying out and recording a number of 
measurements j the other is the artistic appreciation of the general impressions as to 
contour and type which the survey of a series of skulls produce upon one. I have 
often thought that the work of "conducting an examination for a scholarship or 
fellowship 18 very similarly dependent, when it is properly carried out, upon the 
employment of two methods — one being the system of marking, the other that of 
getting a general impression as to the power of the several candidates ; and I would 

. * Since I wrote as 'above, wo have received the news of the murder of Commodore 
Goodonough at Santa Cruz. Commodore Goodenough was one of those persons to have 
met whom makes a man feel himself distinctly the better for his interviews and inter- 
course He was not only a typical representative of what is called “ Armed Science,” he 
not only possessed the eye to watch and the arm to stnke, happily so common in our two 
services, but he added to all this a cultivation and refinement duly set forth and typified 
by maimere which were 

“ not idle but the fruit 
Of loyal nature and of noble mind.” 

It is indeed a “ puzzling world,” as it has been forcibly phrased, in which such a man 
loses his life, and wo lose his power for good, through the act of what Wordsworth calls 

A savage, loathsome, vengeful, and impure." 

Still Oorfe Castle is near enough to Bristol to prevent us from forgetting that we our- 
selves were once as treacherous and murderous as the modern Papuans, and that less than 
900 years ago. If w6 have improved, there is hope for them, 
t Farrar on the Growth of Language: pp. 17i 18, Journal of Philology, 1868, 
j: Hackel, * Anthropogenie/ 1874, p. 361, 
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wish to be understood to mean by this illustration not only that the two lines 
of inquiry are both dependent upon the combination and counterchecMng of two 
different methods, but also that their results, like the results of some other human 
investigations, must not be always, even though they maybe sometimes, considered 
to be free from all and any need for qualification. Persons like M. Broca and Pro- 
fessor Aeby, who have carried out the most extensive series of measurements, are 
not the persons who express themselves in the strongest language as to cranio- 
graphy being the universal solvent in ethnography or anthropology. Aeby, for 
example, in his ‘ Schadelforiuen der Menschen und der Allen,’ 1807, p. 01, says 

Aus dem gesagten geht hervor, dass die Stellung der Anthropologie gegeniiber 
den Schadelformen eine ausserordentlich schwierige ist and the perpetual contra- 
diction of the results of the skull-measurements earned out by others, which his paper 
(published in last year’s ^ Archiv fur Anthropologie,’ pp. 12, 14, 20) abounds in, 
lUrnishes a practical oomnientary upon the just quoted words. And Broca’s words 
are especially worth quoting, from the ^ Bulletin de la Socidt<5 d’ Anthropologie de 
Pans,’ Nov. 6, 1873, p. 824 : — ^^Dans I’dtat actuel de nos connaissances la cranio- 
logio ne pent avoir la pretention de voler de sea propres ailes, et de substituer ses 
diagnostics aux notions fourniea par I’ethnologie et par rarcheologie.” 

I would venture to say that the way in which a person with the command of a 
considerable number of skulls procured from some one district in modern times, or 
from some one kind of tumulus or sepulchre in prehistoric times, would naturally 
address himself to the work of arranging them in a museum, furnishes us with a 
concrete illustration of the true limits of craniography. I say a person with the 
command of a considerable number of skulls for, valuable as a single skull may 
be, and often is, as fumisliing the missing link in a gradational series, one or two 
skulls by themselves do not juatily us (except in rare instances, which I will here- 
inafter specify) in predicating any thing as to their nationality. Greater rashness has 
never been shown, even in a realm of science in whicli rashness has only recently 
been proceeded against under an Alien Act, than in certain speculations as to the im- 
migration of races into various corners of the world, based upon the casual disco- 
very in such places of single skulls, which skulls were identiiied, on the ground of 
their individual characters, as having belonged to races shown on no other evidence 
to have ever set foot there. 

It is, of course, possible enough for a skilled craniographer to be right in referring 
even a single skull to some particular nationality ; an Australian or an Esldmo, or 
an Andamanese might be so referred with some confidence ; but all such successes 
should be recorded with the reservation suggested by the words, uhi eorum qui 
periermt ? and by the English line, the many fail, the one succeeds.” They are 
the shots which have hit, and have been recorded. But if it is unsafe to base 
any ethnographic conclusions upon the examination of one or two skulls, it is 
not so when we can examine about ten times as many — ten, that is to say, or 
twenty, the locality and the dates of which are known as certain quantities. A 
craniographer thus fortunate casts his eye over the entire series, and selects from 
it one or more which correspond to one of the great types based by Retzius not 
merely upon consideration of proportionate lengths and breadths, but also upon 
the artistic considerations of type, curve, and contour. He measures the skulls 
thus selected, and so furnishes himself with a check which oven the most practised 
eve cannot safely dispense with. He then proceeds to satisfy himself as to whether 
tne entire series is referable to one alone of the two great typical forms of 
Brachycephaly or Dolichocephaly, or whether both types are represented in it, 
and if so, in what proportions and with what admixture of intermediate forms. 
With a number of Peruvian, or, indeed, of Western American skulls generally^ of 
Australian, of Tasmanian, of EsRimo, of Veddah, of Andamanese crania before him, 
the craniographer would nearly always, setting aside a few abnormally aberrant 
(which are frequently morbid) specimens, refer them all to one single type 

* It is not by any means entirely correct to say that there is no vawety observable 
among races livii^ in isolated savage purity. The good people of Baden who, when they 
first saw them, said all the Bashkirs in a regiment brought up to the Rhine in 1813 by the 
Russians were as like to each other os twins, found, in the course of a few weeks, that 
they could distinguish them readily and sharply enough (see Ecker, ‘ Crania Germaniie 
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Matters would be very different when the craniopapher came to deal with a 
mixed race like our own, or like the population of Switzerland, the investig'ation 
into the craniology of which has resulted in the production of the invaluable 
‘ Crania Helvetica ’ of His and Rutimeyer. At once, upon the first inspection of 
a series of crania, or, indeed, of heads, from such a race, it is evident that some are 
referable to one, some to another, of one, two, or three typical forms, and that a 
residue remains whose existence and character is perhaps explained and e:^re8sed 
by calling them Mischformen/’ Then arises a most interesting question — Has the 
result of intercrossing been such as to give a preponderance to these Misch- 
formen?’’ or has it not rather been such as in the ultimate resort, whilst still 
testified to by the presence of intermediating and interconnecting links, to have 
left the originally distinct forms still in something like their original independence, 
and in the possession of an unoverwhelmed numerical representation ? The latter 
of these two alternative possibilities is certainly often to be seen realized within 
the limits of a modern so-called English ” or so-called British ” family ; and 
His has laid this down as being the result of the investigations above-mentioned 
into the Ethnology of Switzerland. At the same time it is of cardinal importance 
to note that His has recorded, though only in a footnote, that the skulls which 
combine the characters of his two b^t-denned types, the “ Sion-Typus ” to wit, 
and the Disentis-Typus,” in the Mischform ” which ho calls Sion-Disentis 
Mischlinge,” are the most capacious of the entire series of the Crania Helvetica,’^ 
exceeding, not by their maximum only, but by their aveiage capacity also, the 
corresponding capacities of every one of the pure Swiss types*. Intercrossing, 
therefore, is an agency which m one set of cases may operate in the way of 
enhancing individual evolution, whilst in another it so divides its influence as to 
allow of the maintenance of two types in their distinctness. Both these results are 
of equal biological, the latter is of preeminent archaeological interest. Retzius t 
was of opinion, and, with a few qualifications, I think, more recent Swedish 
Ethnologists would agree, that the modem dolichocephalic Swedish cranium was 
very closely affined to, if not an exact reproduction of the Swedish cranium of the 
Stone Period ; and Virchow}: holds that the modern brachyc^halic Danish skull is 
similarly related to the Danish skull of the same period. Tnere can be no doubt 
that the Swedish cranium is very closely similar indeed to the Anglo-Saxon ; and 
the skulls which still conform to thattypeamongstus willbebymost men supposed 
to be the legitimate representatives of the followers of Ilengest and Horsa, just as 
the modern Swedes, whose country has been less subjected to disturbing agencies, 
must be held to be the lineal descendants of the original occupiers of their soil. 
I am inclined to think that the permanence of the brachycephalic stock and type 
in Denmark has also its bearing upon the Ethnography of this country. In the 
Round-Barrow or Bronze Period in this country, siih-spheroidal crania (that is to 
say, crania of a totally difierent shape and type from those which are found in 
exclusive possession of the older and longer Barrows) are found in great abundance, 
sometimes, as in the South, in exclusive possession of the sepulchre, sometimes in 
company, as in the North, with skulls of the older type. The skulls are often 
strikingly like those of the same type from the Danish tumuli. On this coinci- 
dence 1 should not stake much, were it not confirmed by other indications. And 
foremost amongst these indications I should place the fact of the ‘‘ Tree-interments,” 
as they have b^n called (interments, that is, in coffins made out of the trunk of a 
tree), of this country, and of Denmark, being so closely alike. The well-known 


Oooid.’ p. 2; ‘Arohiv fur Anthrop.’ v. p. 485, 1872). And real naturalists, such as 
Hr. Bates, practised in the discrimination of zoological differences, express themselves 
as struck rather with the amount of unlikeness than with that of likeness which prevails 
amongst savage tribes of the greatest simplicity of hfe and the most entire freedom from 
crossing with other races. But these observations relate to the living heads, not to the 
skulls. 

^ See Dr. Beddoe, Mem. Soc. Anth. Lond. iii. p. 552 ; Huth, p. 308, 1876 ; D, Wilson, 
cit. Brace, *Baoes of the Old World,’ p. 380; and His, ‘Crania Helvetica.’ 

t Etbnolo^psohe Sohrlften, p. 7. 

I Archiv fur Anthrqpologie, iv. pp. 71 and^. 
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monoxylic coffin from Gristhorpe contained, together ^ith other relics closely 
similar to the relics found at Treenhoi, in South Jutland, in a similar coffin, a skull 
which, as I can testify from a cast given me hy my friend Mr. H. S. Harland, 
might very well pass for that of a brachycephalic Dane of the Neolithic period. 
Canon Greenwell discovered a similar monoxylic coffin at Skipton, in Yorkshire j 
and two others have been recorded from the same county— one from the neigh- 
bourhood of Driffield, the other from that of Thornborough. Evidence, again, is 
drawn from Col. Lane Fox’s opinion that the earthworks which form such striking 
objects for inquiry here and there on the East-Riding Wolds must, considering 
that the art of war has been the same in its broad features in all ages, have 
been thrown up by an invading force advancing from the east coast. Now we 
do know that England was not only made England by immigration from that 
corner or angle where the Cimbric Peninsula joins the main land, but that long 
after that change of her name this country was successfully invaded from that 
Peninsula itself. And what Swegen and Cnut did some four hundred and fifty 
years after the time of Ilengist and Horsa, it is not unreasonable to suppose other 
warriors and other tribes from the same locality may have done perhaps twice or 
thrice as many centuries further back in time than the Saxon Conquest. The 
huge proportions of the Cimbri, Teutones, and Ambrones are just what the skeletons 
of the British Round-Barrow folk enable us now to reproduce for ourselves. It is 
much to be regretted that from the vast slaughters of Aquee Sextim and Vercellae, 
no relics have neen preserved which might have enabled us to say whether Boiorix 
and his companions had the cephalic proportions of Neolithic Danes, or those very 
different contours which we are familiar with from Saxon graves throughout 
England, and from the so-called Danes’ graves ” of Yorkshire. Whatever might 
be the result of such a discoveiy and such a comparison, I think it would in 
neither event justify the application of the term Kymric ” to the particular form 
of skull to which lietzius and Broca have assigned it. 

Some years ago I noticed the absence of the brachycephalic British type of skull 
from an extensive series of Ilomano-British skulls which had come into my handsj 
and subsequently to my doing this. Canon Greenwell pointed out to me that such 
skulls as we had from late Keltic cemeteries, belonging to the comparatively 
short period which elapsed between the end of the Bronze Period and the estab- 
lishment of Roman rule in Great Britain, seemed to have reverted mostly to the 

? r8e-Bronze dolichocephalic type. This latter type, the “ kumbecephalic type of 
’rofessor Daniel Wilson, manifests a singular vitality, as the late and much 
lamented Professor Phillips pointed out long ago at a Meeting of this Association 
held at Swansea — the dark-haired variety, which is very ordinarily the longer- 
headed and the shorter-statured variety of our countrymen, oeing represented in very 
great abundance in those regions of England which can be shovsm, by irrefragable 
and multifold evidence, to have been most thoroughly permeated, imbibed, and 
metamorphosed by the infusion of Saxons and Danes, in the districts, to wit, of 
Derby, Leicester, Stamford, and Loughborough. How, and in what way, this type 
of man, one to which some of the most valuable men now bearing the name of 
Englishman, which they once abhorred, belong, has contrived to reassert itself, we 
may, if I am rightly informed, hear some discussion in this department, ^fore 
leaving this part of my subject I would say that the Danish type of head still sur- 
vives amongst us ; but it is to my thinking not by any means so common, at least in 
the Midland counties, as the dark-haired t^e of which we have rust been speaking. 
And I would add that I hope I may find that the views which I have here hinted 
at will be found to be in accord with the extensive researches of Dr. Beddo^ a 
gentleman who worthity represents and upholds the interests of Anthropology in 
this city, the city of Prichard, and" who is considered to 1^ more or less dis- 
qualified for occupying the post which I now hold, mainly from the fact that he 
has occupied it berore, and that the rules of the British Association, like the laws 
of England, have more or less of an abhorrence of perpetuities. 

The largest result which craniometry and cubage of skulls have attained is, 
to my thinking, the demonstration of the following facts, viz. first, that the 
cubical contents of many skulls from the earliest sepultures from whicn we have 
any skulls at all, are larger considerably than the average cubical contents of 
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modern European skulls ; and secondlyi that the female skulls of those times did 
not contrast to that disadvantage with the skulls of their male contemporaiies 
which the average female skulls of modem days do, when subjected to a similar 
oompaiison Dr. Thurnam demonstrated the former of these facts, as reg^ards 
the skulls from the Long and the Round Barrows of Wiltshire, in the Memoirs of 
the London Anthropological Society for 18G5 ; and the names of Les Eyzies and 
Cro-Magnon, and of the Oaverne de rilommo Mort. to which we may add that of 
Solutr6, remind us that the ftrst of these facts has been confirmed, and the second 
both indicated and abundantly commented upon by M. Broca. 

The impression which these facts make upon one, when one first comes to realize 
them, is closely similar to that which is made by the first realization to the mind of 
the existence of a subtropical Flora in Greenland m Miocene times. All our antici- 
pations are precisely reversed, and in each case by a weight of demonstration 
equivalent to such a work ; there is no possibility in either case of any mistake j 
and we acknowledge that all that we had expected is absent, and that where we 
had looked for poverty and pinching there we come upon luxurious and exuberant 
growth. The comparisons we draw in either case between the past and the present 
are not wholly to the advantage of the latter : still such are the facts. Philologists 
will thank me for reminding them of Mr. Ohauncy AVright's brilliant suggestions 
that the large relative size of brain to body which distinguishes, and always, so far 
as we know, has distinguished the human species as compared with the species most 
nearly related to it, may be explained by the psychological tenet that the smallest 
proficiency in the faculty of language may require more brain power than the 
greatest in any other direction,^’ and that we do not know and have no means 
of knowings what is the quantity of intellectual power as measured by brains which 
even the simplest use of language requires ” f* 

And for the explanation of the preeminently large size of the brains of these 
particular representatives of our species, the tenants of prehistoric sepulchres, we 
nave to bear in mind, first, that they were, as the smallness of their numbers and 
the largeness of the tumuli lodging them may be taken to prove, the chiefs of their 
tribes,* and, secondly, that modem savages have been known, and prehistoric 
fiava^s may therefore be supposed, to have occasionally elected their chiefs to their 
chieftainships upon grounds furnished by their superior fitness for such posts — that 
is to say, for their superior energy and ability. Some persons may find it difficult 
to believe this, though such facts are deposed to by most thoroughly trustworthy 
travellers, such as Baron Oaten Sacken (relerred to by Von Baer, m the Report of 
the famous Anthropological Congress at Gottingen in 1861, p. 22). And they 
may object to accepting it, for, among other reasons, this reason — to wit, that 
Mr. Gal ton has shown us in his ‘ Men of Science, their Nature and Nurture,' p. 98, 
that men of great energy and activity (that is to say, just the very men fitted to act 
as leaders of and to commend themselves to savages) J have ordinarly smaller-sized 
heads than men possessed of intellectual power dissociated from those qualities. 

The objection I specify, as well as those which I allude to, may have too much 
weight assigned to them ; but we can waive this discussion and put our feet on 
firm ground when we say that in all savage communities the chiefs have a larger 
share of food and other comforts, such as there are in savage life, and have con- 
sequently better and larger frames — or, as the Rev. 8. Whitmee puts it { 1 . c.), when 
observing on the fact os noticed by him in Polynesia, a more portly bearing." 
This (which, os the size of the brain increases within certain proportions with the 
increase of the size of the body, is a material fact in every sense) nas been testified 

^ The Bubequality of the male and female skulls in the less civilized of modem races 
was pointed out as long ago as 1846, by Retzius in MiiUer’s ‘ Archiv) p. 89, and was com- 
mented upon by HusonKe, of Jena, in Lis ‘Schadel, Him und Beele,' pp. 48^61, in 1854. 

}• The bibliographer will thank me also for pointing out to him that the important 
paper in the ‘^orth-American Review,’ for October, for 1870, p. 295, from which I 
have just quoted, bah actually escaped tbo wonderfully exhaustive research of Dr. Seid- 
litz (see his ‘ Darwin’sebe Theori©,’ 1875). 

J An interesting and instructive story in illustration of the kind of qualities which 
do recommend a man to Savages, is told us by Sir Bartle Frere in his pamphlet, 
* Ohriitisnity suited to all forms of Civilization/ pp. 12-14* 
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to by a multitude of other observers, and is, to my mind, one of the most dis- 
tinctive marks of savagery as opposed to civilization. It is only in times of 
civilization that men of the puny stature of Tydeus or Agesilaus are allowed their 
proper place in the management of aifairs. And men of such physical size, 
coupled with such mental calibre, may take comfort, if they neea it, from the 
purely quantitative consideration, that large as are the individual skulls from pre- 
historic graves, and high, too, as is the average obtained from a number of them, it 
has nevertheless not been shown that the largest individual skulls of those days were 
larger than, or, indeed, as large as the best skulls of our own days ; whilst the 
high average capacity which the former series shows is readily eT^lioable by the 
very obvious consideration tliat the poorer specimens of humanity, if allowed to live 
at all in those days, were, at any rate, when dead not allowed sepulture in the 

tombs of the kings,” from which nearly exclusively we obtain our prehistoric 
crania. M. Broca* has given us yet further ground for retaining our self-com- 
placeucy by showing, from his extensive series of metisurements of the crania from 
successive epochs in Parisian burial-places, that tlie average capacity has gone on 
steadily increasing. 

It may be suggested that a large brain, as calculated by the cubage of the skull, 
may nevertheless have been a comparatively lowly organized one, from having its 
molecular constitution qualitatively inferior from the neuroglia being developed to 
the disadvantage of the neurine, or from having its convolutions few and simple, 
and being thus poorer in the aggregate mass of its grey vesicular matter. It is 
perhaps, impossible to dispose absolutely of either of these suggestions. But, as re- 
gards the first, it seems to me to be exceedingly improbable that such could have 
been the case. For in cases where an overgrowth of neuroglia has given the brain 
increase of bulk without giving it increase of its true nervous elements, the Scotch 
proverb, Muckle brain, little wit ” applies ; and the relatively inferior intelligence 
of the owners of such brains as seen nowadays may, on the principle of continuity, 
be supposed to have attached to the owners of such brains in former times. But 
those times were times of a severer struggle for existence than even the present ; and 
inferior intelligences, and specially the inferior quickness and readiness observable 
in such cases, it may well be supposed, would have fared worse then than now. 
There is, however, no need for this supposition-; for, as a matter of fact^ the brain-^ 
cose of brains so hypertrophied t has a verv readily recognizable shape of its own, 
and this shape is not the shape of the Cro-Magnon skull, nor indeed of any of the 
Prehistoric skulls with which I am acquainted. 

As regards the second suggestion, to the effect that a large braincase may have 
contained a brain the convolutions of which were simple, broad, and coarse, and 
which made up by consequence a sheet of gi’ey matter of less square area than that 
made up in a brain of similar size but of more complex and slenderer convolu- 
tions, I have to say tliat it is possible this may have been the case, but that it seems 
to me by no means likely. Very large skulls are sometimes found amongst collec- 
tions purporting to have come from very savage or degraded races ; such a skull 
may be seen in the London College of Surgeons with a libel, 6357 D. Bushman, 
G. Williams. Presented by Sir John Lubbock;” and, fi’om what Professot 
Marshall and Gratiolet have taught us as to other Bushman brains, smaller, it is 
true, in size, we may be inclined to think that the brain which this large skull once 
contained may nevertheless have been much simpler in its convolutions than a 
European brain of similar size would be. This skull, however, is an isolated 
instance of such proportions amongst Bushman skulls, so far, at least, as I have 
been able to discover ; whilst the skulls of Prehistoric times, though not invariably, 
are yet most ordinarily large skulls. A large brain with coame convolutions puts 
its possessor at a disadvantage in the struggle for existence, as its greater size is not 
compensated by greater dynamical activity ; and lienee I snould be slow to explain 

^ See his paper, ‘Bull. Soc. Anthrop. de Paris,’ t. iii. ser. i. 1862, p. 102 ; or his collected 
M^raoires, vol i. p. 348, 1871. , 

t T may, perhaps, b© ^owed to express here my surprise at the statement made by Messn. 
Wilks and Moxon, in their very valuable Pathological Anatomy, pp. 217, 218, to the effect 
that they have not met with such cases of Cerebral Hypertrophy. They were common 
enough at the Children’s Hospital in Great Ormond Street when 1 was attached io it. 
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the large size of ancient skulls by suggesting that they contained brains of this 
negative character. And I am glad to see that M. Broca is emphatically of this 
opinion, and that, after a judicious statement of the whole case, he expresses himself 
thus (Kevue d’ Anthropologic, ii. 1, 38) : — Rieu ne permet done de supposer que 
les rapports de la masse enc^phalique avec I’intelligence fussent autres chez eux que 
chez nous.^^ 

It is by a reference to the greater severity of the struggle for existence and to the 
lesser degree to which the principle of division of labour was carried out in olden 
days that M. Broca, in his paper on the Caverne de THomme Mort just quoted 
from, explains the fact of the subequality of the skulls in the two sexes. This is 
an adequate explanation of the facts ; but to the facts as already stated, I can add 
from my own experience the fact that though the female skulls of Prehistoric times 
are often, they are not always equal, or nearly, to those of the male sex of those 
times j and, secondly, that whatever the relative size of the head, the limbs and 
trunk of the female portion of those tribes were, as is still the case with modern 
savages, very usually disproportionately smaller than those of the male. This is 
readily enough explicable by a reference to the operations of causes exemplifica- 
tions of the working of which are unhappily not far to seek now, and may be 
found in any detail you please in those anthropologically interesting (however 
otherwise unpleasant) documents, the Police lieports. 

Having before my mind the liability we are all under fallaciously to content 
ourselves with recording the shots which hit, I must not omit to say that one at 
least of the more recently propounded doctnnes in Oraniology does not seem to me 
to be firmly established. This is the doctrine of occipital aolichocephaly ” being 
a characteristic of the lower races of modern days and of Prehistoric races as com- 
pared with modern civilized races. I have not been able to convince myself by my 
own measurements of the tenability of this position ; and I observe that Ihering 
has expressed himself to the same effect, appending his measurements in proof of 
his statements in his paper, “Zur Reform der Oraniometrie,” published in the 
* Zeitschrift fur Ethnologie ’ for 1873. The careful and extensive measurements of 
Aeby ♦ and Weisbach f have shown that the occipital region enjoys wider limits of 
oscillation than either of the other divisions of the cranial vault. I have some regret 
in saying this, partly because writers on such subjects as ‘‘Literature and Dogma” have 
already made use of the phrase, “occipitally dolichocephalic,” as if it represented one 
of the permanent acquisitions of science ; and I say it with even more regret, as it 
concerns the deservedly honoured names of Gratiolet and of Broca, to whom Anthro- 
pology owes so much. What is true in the doctrine relates, among other things, to 
what is matter of common observation as to the forepart of the head rather than to any 
thing which is really constant in the back part of the skull. This matter of com- 
mon observation is to the efiect that when the ear is “ well forward ” in the head, 
we do ill to augur well of the intelligence of its owner. Now the fore part of the 
brain is irrigated by the carotid arteries, which, though smaller in caliore during 
the first years of life, during which the brain so nearly attains its full size, than they 
are in the adult, are nevertheless relatively large even in those early days, and are 
both absolutely, and relatively to the brain which they have to nourish, much larger 
than the vertebral arteries, which feed its posterior lobes. It is easy therefore to 
see that a brain in which the fore part supped by the carotids has been stinted of 
due supplies of food, or however stunted in growth, is a brain the entire length and 
breadth of which is likely to be ill-nourished. As I have never seen reason to believe 
in any cerebral localization which was not explicable by a reference to vascular irri- 

S ation, it was with much pleasure that I read the remarks of Messrs. Wilks and 
Loxon in their recently published ‘ Pathological Anatomy,' pp. 207, 208, as to the in- 
dications famished by tie distribution of the Pacchionian bodies as to diflerences 
existing in the blood-currents on the back and those on the fore part of the brain. 
These remarks are the more valuable, as mere hydraulics, Professor Clifton assures 
me, would not have so clearly pointed out what the physiological upgrowths seem 
to indicate. Any increase, again, in the length of the postenor cerebral arteries is 
pro tanto a disadvantage to the parts they feed. If the blood-current, as these 

* Aeby, * SdhMelform des Menschen und der Affen,' pp. 11, 12, and 128. 

' t Weisbach, ' Die SohMelform der Roumanen/ p. 32, 1869. 
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facts seem to show, is slower in the posterior lobes of the brain, it is, upon 
purely physical principles of endosmosis and exosmosis, plain that these seg- 
ments of the brain are less efficient organs for the mind to work withj and 
here again occipital dolichocephaly ” would have a justification, though one 
founded on the facts of the nutrition of the brain-cells, not on the proportions of 
the braincase. In many (but not in all) parts of Continental Europe, again, the 
epithet ^4ongheaded ” would not have the laudatory connotation which, thanks to 
our Saxon blood, and in spite of the existence amongst us of other varieties of 
dolichocephaly, it still retains here. And the brachycephalic head which, abroad* 
at least, is ordinarily a more capacious one, and earned on more vigorous shoulders 
and by more vigorous owners altogether, than the dolichocephalic, strikes a man 
who has been used to live amongst dolichocephali by nothing more forcibly, 
when he first comes to take notice of it, than by the nearness of its external ear to 
the back of the head ; and this may be said to constitute an artistic occipital 
brachycephalism. But this does not imply that the com erso condition is to be 
found conversely correlated, nor does it justify the use of the phrase occipital 
dolichocephaly ” in any etymological, nor even in any ethnographical sense. 

I shall now content myself, as mr as craniology is concerned, by an enumeration of 
some at least of the various recent memoirs upon the subject which appear to me to 
be of preeminent value. And foremost amongst these 1 will mention Professor 
Cleland’s long and elaborate scientific and artistic paper on the Variations of the 
Human Skull, which appeared in the Philosophical Transactions for 1809. Next I 
will name Ecker’s admirable, though shorter, memoir on Cranial Curvature, which 
appeared in the ^ Archiv fur Anthropologie,’ a journal already owing much to his 
labours, in the year 1871. Aeby’s writings I have already referreu to, and Ihering’s, 
to be found in recent numbers of the ^Archiv fur Anthropologie ’ and the 
‘Zeitschrift fur Ethnologie,’ deserve your notice. Professor BischofiTs paper on 
the Mutual Relations of the horizontal circumference of the Skull and of its con- 
tents to each other and to the weight of the Brain, has not, as I think, obtained the 
notice which it deserves. It is to be found in the Proceedings of the Royal 
Society of Munich for 1864, the same year which witnessed the publication of 
the now constantly quoted ‘ Crania Helvetica,’ of Professors Ilis and Rutimeyer. 
Some of the most important results contained in this work, and much important 
matter besides, was made available to the exclusively English reader by Professor 
Huxley, two years later, in the ^ Prehistoric Remains of Caithness.’ 1 have made 
a list, perhaps not an exhaustive one, hut containing some dozen memoirs by l)r. 
Beddoe, and having read them or nearly all of them, I can with a very safe con- 
science recommend you all to do the like. I cAn say nearly the same as regai’ds 
Broca and Virchow, adding that the former of these two savans has set the other 
two with whom I have coupled him an excellent example, by collecting and pub- 
lishing his papers in consecutive volumes. 

But I should forget not only what is due to the place in which I am speaking, 
but what is due to the subject I am here concerned with, if in speaking of its 
literature, I omitted the name of your own townsman, Prichard. He has been 
called, and, I think, justly, the ** father of modern Anthropology.” I am but put- 
ting the same thing in other words, and adding something more specific to it, 
when I compare his works to those of Gibbon and Thirlwall, and say that they 
have attained and seem likely to maintain permanently a position and importance 
commensurate with that of the stately and undecaying” productions of those 
great English Historians. Subsequently to tlie first appearance of those histories 
other works have appeared by other authors, who have dealt in them with the 
same periods of time. I have no wish to depreciate those works ; their authors 
have not rarely rectified a slip and corrected an error into which their great prede- 
cessors had fallen. Nay, more, the later comers have by no means neglected to 
avail themselves of the advantages which the increase of knowledge and the vast 
political experience of the last thirty years have put at their disposal, and they 
have thus occasionally had opportunities of showing more of the true proportions 

♦See upon this point; — ^Broca, Bull. Soo. Anth. Paris, ii. p. 648, 1861 ; ibidn Deo. 5, 
1872 ; Virchow, Arohiv fur Anth. v. p. 535 ; Zeitschrift fur Ethnol. iv. 2, p. 36 ; SammI 
lungen, ix. 193, p. 45, 1874 ; Beddoe, Mem. Anth. Soc. Lond. ii. p. 350. 

1876. , 
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and rdations of even great events and catastrophes j still the older works retain a 
lasting value) and will remain as solid testimonies to English intellect and English 
Capacity for large undertakings as long as our now rapidly extending language and 
literature live. The same may be most truthfully said of Prichard’s ^ Kesearches 
into the Physical History of Mankind.’ An increase of knowledge may supply us 
with fresh and with stronger arguments than he could command for some of the 
great conclusions for which he contended j such, notably, has been the case in the 
question (though “ question ” it can no longer be called) of the Unity of the hunmn 
species j and by the employment of the philosophy of continuity and the doctrine 
of evolution, with which the world was not made acquainted till more than ten 
years after Prichard’s death, many a weaker man than he has been enabled to bind 
into more readily manageable burdens the vast collections of facts with which he 
had to deal. Still his works remain, massive, impressive, enduring— -much as the 
headlands along our southern coast stand out in the distance in their own grand 
outlines, whilst a close and minute inspection is necessary for the discernment of 
the forts and fosses added to them, indeed dug out of tneir substance in recent 
times. If we consider what the condition of the subject was when Prichard 
addressed himself to it, we shall be the better qualified to take and make an esti- 
mate of his merits. This Prichard has himself described fco us, in a passage to be 
found in the preface to the third volume of the third edition of the * Physical 
History,’ published in the year 1841, and reminding one forcibly of a similar 
utterance of Aristotle's, at the end of one of his logical treatises (Soph. Elench. 
cap. xxxiv. 6). These are his words : — 

No other writer has surveyed the same field, or any great part of it, from a 
similar point of view. . . . The lucubrations of Herder and other diffuse writers of 
the same description, while some of them possess a merit of their own, are not con- 
cerned in the same design, or directed towards the same scope. Their object is to 
portray national character as resulting from combined influences — physical, moral, 
and political. They abound in generalizations, often in the speculative flights of a 
discursive fancy, and aftbrd little or no aid for the close induction from facts, which 
is the aim of the present work. Nor have these inquiries often come within the 
view of writers on Geography, though the history of the globe is very incomplete 
without that of its human inhabitants.” A generation has scarcely passed away 
since these words were published in 1841 ; we are living in 1875 ; yet what a change 
has been eflfected in the condition of Anthropological literature ! The existence of 
such a dignified quarterly as the ‘ Archiv fur Anthropologie,’ hearing on its titlepage 
in alphabetical order the honoured names of V. Baer, of Desor, of Ecker, of Hellwald, 
of His, of Lindenschmidt, of Lucas, of Rutimejer, of Schaafhausen, of Semper, of 
Virchow, of Vogt, and of Welcker, is in itself perhaps the most striking evidence 
of the advance made in this time, as being the most distinctly ponderable and in 
every sense the largest Anthropoloijical publication of the day. 

Archaeology, which but a short time back was studied in a way which admirably 
qualified its devotees for being called ^^connoisseurs,” but which scarcely qualiliea 
mem for being called men of Science, has by its alliance with Natural History 
and its adoption of Natural-History methods, and its availing itself of the light 
aflforded by the great Natural-History principles just alluded to, entered on a 
new career. There is, as regards Natural History, Anatomy, and Pathology, 
nothing left to be desired for the comoint scheme represented by the periodical ju£rt; 
mentioned, where we have V. Baer for the first and Virchow for the last, and the 
other names specified for the rest of these subjects ; whilst Archssology, the other 
party in the alliance, is very adequately represented by Lindenschmidt alone. But 
when I recollect that Prichard published a work ^ On the Eastern Origin of the Celtic 
Nations ’ ten years before the volume of * Researches,’ from which I have just quoted, 
and that this work has been spoken of as the work which has made the greatest 
advance in Comparative Philology during the present century,” I cannot but feel 
that tibe Redaction of the ^Archiv fur Anthropologie ’ have not as yet learnt all that 
may be learnt from the Bristol Ethnolo^t ,* and mey would do well to add to the 
very strong stafiP represented on their titiepi^ the name of some one, or the names 
of more than one comparative philologist. This the Berlin ^Zeitschi^ ’ has done. 

Of the possible curative application of some of tbe leading principles of modem 
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Anthropology to some of the nrevalent errors of the day, I should he glad to be 
allowe(i to say a few words. The most important lesson as regards the future (I do 
not say the immediate future) which the modern study of Human Progress (for such 
all men who think, except the Duke of Argyll, are now agreed is the study of An- 
thropology) teaches is the folly and impossibility of attempting to break abruptly 
with the past. This principle is now enforced with persistent iteration from many 
Anthropological platforms ; and I cannot but think it might advantageously be 
substituted in certain portfolios for the older maxim, Whatever is certainly new is 
certainly false,” a maxim which seems at first sight somewhat like it, but which, as 
being based on pure ignorance of the past and teaching only distrust of the future, 
is really quite different from it. I am not sure that Prichard ever put forward the 
former of these two doctrines, though it is just the doctrine which would have 
commended itself to his large philosophical, many-sided, well-balanced judgment. 
He died in 1848 — the very year which perhaps, of all save one in history, and that 
one the year 1793 (a year in which he was yet a child), showed in the most palpable 
way the absurdity of attempting to make civilization by pattern, and of hoping to 
produce a wholesome future in any other way than that oi evolution from the past. 

What have been called the senile, what could equally well have been called the 
cynical Ethics of Pessimism, had not in Prichard’s time found any advocates in 
this country ; indeed, so far as I have observed, they are of a more recent importa- 
tion than most other modern heresies. I do not deny that at times it is possible to 
give way to certain pressing temptations to think that we are living in a certainly 
deteriorated and a surely deteriorating age, and that it is hopeless and useless to 
set up, or look up to, aspirations or ideals. When, for example, we take stock of the 
avidity with which we have, all of us, within the last twelve months read the me- 
moirs of a man whom one of his reviewers has called a high-toned aristocrat,” 
but whom I should call by quite another set of epithets, we may think that we are 
not, after all, so much the better for the 8000 years which separate us from the time 
when it was considered foul play for a man to enact the part of a familiar friend, 
to eat of another man’s bread, and then to lay great wait for him. Or can we, in these 
days, bear the contrast to this miserable spectacle of mean treachery and paltiy 
disloyalty, which is forced upon us in the same history by the conduct of the chi- 
valrous sou of Zeruiah, who, when he bad fought against Rabbah and taken the 
city of waters, sent for his king who had tarried in Jerusalem, lest that city should 
thenceforward bear the name, not of David, but of Joab ? Or again, as I have 
been asked, have we got very far above the level of sentiment and sympathy 
which Helen, an unimpeachable witness, tells us the Trojan Hector had attained 
to and manifested in his treatment of her, 

“ With tender feeling and with gentle words ” ? 

Would the utterances of any modern epic poet have so surely brought tears into 
the eyes of the noble-hearted boy depicted by Mr. Hughes, as the passage of Homer 
just alluded to, and characterized by him as the most touching thing in Homer, 
perhaps in all profane poetry put together ” ? W’^hat answer can be made to all 
this by those who maintain that the old times were not better than these, who 
maintain the doctrine of Progress, and hold that man has been gradually improving 
from the earliest times, and may be expected to ffo on thus advancing in the future ? 
An answer based upon the employment of simple scientific method, and upon the 
observance of a very simple scientific rule — upon, to wit, the simple method of taking 
averages, and- the simple rule of enumerating all the circumstances of the case. 
Noble actions, when we come to count them up, were not, after all, so very common 
in the olden times ; and side by side with them there existe(^ and indeed nourished, 
intertwined with them, practices which the moral senseof all civilized nations has now 
definitely repudiated. B is a disagreeable task, that of learning the whole truth j but 
it is unfair to draw dark conclusions as to the future, based on evidence drawn from an 
exclusive contemplation of the bright side of the past. A French work, published 
only last year, was recommended to me recently by an eminent scholar as containing 
a good account of the intellectual and moral condition of the Romans under the 
Empire. I have the book, but have not been able to find in it any mention of the 
gladiatorial shows, though one might have thought the words Panem et drcmm 
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might Have sug|fested that those exhibitions entered as factors of some importance 
into the formation of the Roman character. It is impossible to go beyond that in 
the way of looking only at the bright side of things. Still we ourselves have 
less dimcidty in recollecting that there were 300 Spartans sacrificed to the law- 
abiding instincts of their race at Thermopylse, than in producing, when asked for 
them, the numbers of Helots whom Spartan policy massacred in cold blood 
not so many years after, or those of the Melians and Mityleneeans whom the 
polished and cultivated Athenians butchered in the same way, and about the same 
time, with as little or far less justification for doing so. Homer, whom I have 
above quoted, lived, it is true, some centuries earlier, but living even then he might 
have spared more than the five words contained in a single line (176 of ^ Iliad’ xxiii.) 
to express reprobation for the slaughter of the twelve Trojan youths at the pyre of 
Patroclus. The Romans could applaud Terence’s line, Homo sum, human! nihil 
a me alienum puto but it did not strike them till the time of Seneca that these 
noble words were incompatible with the existence of gladiatorial shows, nor till 
the time of Honorius did they legally abolish those abominations. Mutinies and 
rebellions are not altogether free from unpleasant incidents even in our days ; but 
the execution of 6000 captives from a Servile war, in the way that Crassus executed 
his prisoners after the final defeat of Spartacus, viz. by the slow torture of cru- 
cifixion, is, owing to the advance of civilization, no longer a possibility. If the 
road from Capua to Rome witnessed this colossal atrocity, there are still preserved 
for us in its near neighbourhood the remains of Herculaneum and Pompeii to show 
us what foul broad-aaylight exuberance could be allowed by the public conscience 
of the time of Titus and Agrieola to that other form which sits “ hard by Hate.” 
The man who in^ those days contributed his factor to the formation of a better 
public opinion^ did so at much greater risk than any of us can incur now by the 
like line of action. Much of what was most cruel, much of what was most foul 
in the daily life of the time, had, M. Gaston Boissier notwithstanding, the sanction 
of their stete religion and the indorsement of their Statesmen and Emperors to 
support it. There was no public press in other lands to appeal to from the falsified 
veroicts of a sophisticated or a terrorized community. Though then as now, 

“ Mankind were one in spirit,’^ 

freedom of intercommunication was non-existent ; no one could have added to the 
words just quoted from Lowell their complemental words, 

** And an instinct bears along^ 

Bound the earth’s electric circle the swift flash of right or wrong.” 

The solidarity of nations had not, perhaps could not have been dreamt of— the 
physical prerequisites for that, as for many another non-physical good, being 
wanting. 

Under all these disadvantages men were still found who were capable of aspi- 
ration, of hope for, and of love of better things ; and by constant striving after their 
own ideal, they helped in securing for us the veiy really improved material, mental, 
and moral positions which we enjoy. What they did before, we have to do for 
those who will come after us. 


Bota5T. 

[For Dr. Solater’s Address see page 86.] 

Notici of Bare Plants from Scotland, By Prof, Balfottk, F,R.S,^ F,B,S,E, 


Notes on TurneraoesB /row Bodriguez, By 1. Batlbt BiXFonB, D,8e, 
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Oeneral Bmarks on the Geological Structure and Flora of the Masoarene 
Islands. By I. Bayley Balfotje, B.Sc, 

The geological structure of the piincipal islands of the Mascarene group, viz. 
Bourbon, Mauritius, and Rodriguez, was briefly described. These islands are all 
of volcanic origin, the rock being chiefly a very dark compact basalt. Each island, 
however, has not been altogether formed at one period. This fact is particularly 
well illustrated in Bourbon, where the N.W\ portion is of more ancient date than 
the S.E., in which latter part there exists at present an active volcano. Consequent 
on this diflerence of age the rocks are of a difterent character ; and this has a corre- 
sponding effect upon the vegetation of the two districts. These differences are 
such as characterize the flora of a dry as opposed to a moist region. 

The type of the Mascarene flora was shown to be Indian, although the islands 
are newer to the African continent than to India j and the comparative absence of 
endemic types was indicated. 

After detailing several facts regarding resemblances betwixt the floras of the 
islands, and a brief reference to their fauna existing and extinct, the author indi- 
cated the bearings of the geological structure and of the flora upon the question of 
the separate origin of the islands, or of their being merely fragments of a preexisting 
continent which also embraced Madagascar and the, Seychelles. 


On an Abnormality of Primula vulgaris with Interjpetaline Lobes. 

By Prof. A. Dickson, M.B. 

The abnormal flowers exhibited were collected in 1874 at Pitlochrie, Perthshire, 
by the late Professor Inglis, of Aberdeen. The peculiarity consists in the develop- 
ment of five narrow petaloid segments, which alternate with the lobes of the corolla. 
These are not organs simply adherent to the inner surface of the corolla-tube like 
epipetalous stamens, but their bases form a continuous sheet of tissue with the 
petols. At first sight the abnormality appears to resemble the doubling of the 
primrose often seen in cultivation. In the ordinary double primrose, however, the 
additional petaloid lobes are metamorphosed stamens, and are opposite to (not 
alternate with) the lobes of the corolla. In the abnormality exhibited the super- 
added petaloid pieces are simply interpetaline lobes analogous to the intersepaline 
lobes of Nemophila^ Campanula medium^ &c. One of the most interesting points 
connected with this is that in the order Primulaceae we have a genus, SoldaneUa^ in 
which interpetaline lobes occur. In S. mcntana^ for example, the limb of the 
corolla exhibits five broader lobes, which are trifid, and five narrower ones, which 
are entire. The five tri^d lobes represent the petals proper, while the five entire 
ones are interpetaline lobes. In the monstrous Primma we have thus an abnor- 
mality imitating, so to speak, the normal condition of an allied genus. 


On a Monstrosity in Saxifraga stellaris. By Prof.' A. Dickson, M.B. 

The plant from which the specimens exhibited were obtained was found by 
Dr. A. E. Aitken, of Edinburgh, in July last, on Ben Challum near Tyndrum. It 
had three flowering stems, which about their middle exhibited a few scattered 
narrow bracts with what appear to be viviparous buds in their axils. Each of 
these stems is terminated by a monstrous flower, with somewhat numerous sepals 
in several series. Petals absent \ stamens about as many as the sepals ; and a vast 
number of separate carpels, forming an apocarpous gynsecium almost like that in 
jRmunculus. This monstrosity is almost exactly parallel to the monstrous flowers 
not unfrequently foimd terminating the inflorescence of Digitalis purpurea^ where 
we have a multiplication of the parts of the floral envelopes and androecium, and a 
pistil composed often of several whorls of carpels. 


On AJbwyrmal Flowers of Tropaeolum. By Prof. A. Dickson, M.B. 
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Out d Variety af Polj'podittnl tulgare. By Prdf. W. R. M^Nau, M.D* 

Dr. M'-Nab exhibited and described an abnormal frond of the common polypody 
CBBlypodtum vulgare) which had been given him by Captain Jones, of Pembroke 
J^ad, Clifton, Bristol, and in whose magnificent collection the plant producing it 
was grown. The plant bad been gathered in a wild state by Captain Jones, and 
has been cultivatea by him for some time. The leaf was about nine inches long, 
and may be briefly described as a combination of the variety cambricum and the 
typical form. The basal pinna was bipinnatifid, the segments of the first order beint 
so deeply cut as to be pinnatipartite. The first lower pinnule (left) of the basal 
pinna was divided like the main portion of the pinna. The second pinna (right) 
was similarly divided, but larger than the first, the first lower pinnule being very 
much divided. The third pinna (left) was pinnatipartite, with pinnatifid divisions ; 
and this pinna, unlike the first and second, had the basal pinnule very small. Tho 
fourth pinna (right) is below almost undivided, like normal P. vulgare^ but with the 
tipper two thirds divided. The next pinna is on the right side and is normal ; there 
is a space on the opposite side caused by the displacement of the fifth pinna (left), 
which is exceedingly small and undivided. The seventh pinna (right) is normal. 
The seventh and ninth pinnse are close together and much divided, the eighth 
(right), which is normal, being^ucceeded by a series of normal pinnae. The upper 
part of the leaf is covered with sporangia, while the lower abnormal portion is not 
fertile. Another leaf was shown which was entirely bipinnatifid. 

In these leaves the normal basifugal and apical mode of growth was observ^able. 
The pinnse at the base assumed somewhat the form of the upper pari ; and it was 
evident that long-continued growth, apical and basifugal, haa taken place in the 
lower pinnules, the greater portien of which were tender and delicate, and showed 
a marked contrast in texture to the upper fertile pari of the leaf. 

Hofmeister has shown that the branding of fem-leaves is dichotomous, the right 
and left fork-branches being alternately developed as a pinnule, and a sympodium 
or false axis produced by the other branches. In Polypodium ndgart a single 
central pseudaxis is produced, while in the abnormal form just descrioed the lower 
pinnae become sympodially developed ; and in two cases tbe first pinnule of each 
nas a well-marked sympodial development. 


On a Yarxity of Rubus. By Prof. W. R. M^Nab, M,I), 

This Buhus was discovered by Captain Jones, of Clifton, in tbe neighbourhood of 
Bristol. It is a variety with very narrow leaves, not unlike the fem-leaved beech. 
Tbe leaves are trifoliate, the terminal leaflet being tbe largest, the two lateral 
ones very small and poorly developed. 


^ On the Application of the Fibre of Adansonia digitata. 


By J. J. Moktmko. 


On Spiranthes Romanzoviana. By David Mooee, PhD, 


On d rare JSpeeies of Fungus found in Surrey, By Cecil H. 8p. Pebceval. 

The specimen which was^ exhibited was one of tbe Gasteromycetous family, and 
of the order Tricbogastres, its specific name being Batarrea phailoides^ P. 

This fungus was one of four found growing on tbe ground in the interior of an 
old hollow pollard-asb, in the grounds of the Earl of Egmont at Nork, near 
Epsom, in Surrey, from which place Clavaria ardmia (Sow., pi. 216) also dates its 
name. It was found by the exhibitor on December 12, 1872, and had not, he 
was told, been met with for several* years. The soil in tbe tree was fsry li^bt 
and dusty, composed chiefly of tbe decayed dihris of tbe old tree mixed with 
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Bind? mould semtclied up by rabbits. The largest specimeii was 12 inches in 
height, and its pileiform Yolva 2| in<^^ across the top ; the whole was covered 
with brown dusb-like spores. The pileiform tolva was on the exterior covered 
with raised reticulations with pieces of the exterior volm adhering to it ; and on 
the inner side next the stem it was smooth and of a paler colour, somewhat 
whitish. 

The stem was rough and fibrous, of a woody nature, and slightly attenuated 
upwards; it was buried 3 or 4 inches in the soil. At ija base were the remains 
of the lower part of the volva. All the plants were quite dry ard covered very 
thickly with the brown spores. 

The largest specimen is in the possession of Mr. Worthington Gr. Smith, who, 
appreciating the rarity of the plant, has had it mounted under a glass, in the same 
manner as a picture. The next best is deposited in the Museum at Kew, where it 
receives the full benefit of the sun, which has, as might be expected, taken nearly 
all the colour out of it. The Rev. M. J. Berkeley has the third specimen, and the 
one exhibited has since been given to Mr. C. E. Broome for his herbarium. This 
latter specimen was growing on the outside of the tree, out of which, through a 
hole in the base, some of the soil had been scratched. It had not grown as well 
as the others, which were straight, weU-grown specimens, but was much twisted 
and deformed. Every year since the finder has examined the spot, with the hope 
of meeting with more specimens, but with as yet no result ; and last year the old 
tree was cut down, being dead, so that the chance of obtaining more is considerably 
lessened. 

He has tried, as yet with no success, to raise the fungus artificially, by planting 
some of the spores in a pot covered with a bell-glass and kept dark in a warm 
moist atmosphere, the soil consisting of a mixture of debris from an old ash mixed 
with silver sand. An account of one of the specimens found, with figures, micro- 
scopical structure, &c., was written by Mr. Worthington G. Smith in the ^ Gardeners’ 
Chronicle ’ of August 16, 1873 ; and a very good coloured drawing of it is to be seen 
amongst Mr. W. G. Smith’s collection of fungi drawings in the British Museum ; 
also in Sowerby’s ‘ English Fungi,’ t, 390, there is a drawing of the specimen. 

The following is the description in Smith’s English Flora : — “ Whole plant more 
or less of a brown hue. Exterior volva ovate, fleshy, dirty white, inclining to 
brown ; buried 6-8 inches in the sand, with a few dirty-white floccose hairs at the 
Iwee ; middle volva much thinner and almost membranaceous, connected with the 
outer by mucilage, smooth within ; inner volva internally villous, covered with 
very abundant yellow-brown dust-like seed ; externally concave and smooth. Stem 
formed within the cavity of the interior volva, cylmdric, straight, short, fleshy, 
filled with mucilage, but afterwards elongated upwards with wonderful force and 
quickness, and protruded through the soil, carrying with it almost the whole inner 
volva, adnate with its apex, and covered with a portion of the outer coat torn ofl* 
in the same manner. Immediately after maturity it becomes dry, as also the 
volva ; tubular within, and externally fibrous, and remains a long time bleached 
and tossed about by wind and rain.” 

The following is a list of the authors by whom the plant is mentioned : — 

JBatarrea phmoideSf P.-— Fr. S. M. iii. p. 7; Woodw. Phil. Trans, vol. Ixxiv. p. 423, 
p. 26 ; Ann. N. H. no. 303 ; Smith, ^c. i. 1. 12 ; Sow. t. 390 ; Pers. Syn. t. 3. f. 1 ; 
Nees, f. 267 ; Eng. Ilor. v. p. 298 ; Hook. Joum, 1843, t. 22. f. 1 ; Bisch. f. 8468 ; 
Corda, Anl. t. E. f. 60, no. 4-6 ; Cooke, Br. Fungi, p. 367, f. Ill ; Smith, W. O., 
in * Gardeners’ Chronicle,’ Aug. 16, 1873. 


On some Fossil Seeds from the Lower Carhoniferotis Beds of Lancashire. 

By Prof. W. C. Williamson, F.B.S. 

M. Adolphe Brongoiart has recently described a number of fossil seeds obtained 
by M. Cym Grand Eury from the silicified Carboniferous deposits of St. Etienne, 
in France. Some of these exhibited a remarkable cavity at the apex of each ortho- 
tropous seed, enclosed within the testa and separating the latter structure firom Hie 
nudeus. This cavity appeared to M. Brongniart to have received into its interior 
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the potlen-irramS) since he found within it^ in several instances^ small forei^' 
bodies which bore a close resemblance to true pollen-grains. The author has dis- 
covered seven similar though distinct species of seeds in the lower Coal-measures of 
Lancashire and Bumtislana. These seeds he described in detail. The most striking 
of them is one to which he has assigned the name of Lagmostoma ovtformis. This 
is a small suboval seed, containing an almost spherical nucleus. Its extern^ 
covering consists of a hard dense cellular testa. This has had an opening in it 
corresponding to the exostome of an ordinary seed, and which constituted the orifice 
of a flask-shaped cavity, having a short narrow neck, and the base of which rested 
in its noimal state upon the upper extremity of the nucleus. This lagenostome,’^ 
as the author proposes to designate the cavity, is hounded by a bottle-shaped 
membrane composed of a single layer of short prosenchymatous cells, and contained 
a central mass of small delicate parenchymatous cells, which appear to have entirely 
filled the cavity when the seed existed as an ovule. This lagenostome is enclosed 
within a second and denser membrane, also composed of prosenchymatous cells, 
but of larger size than those constituting the memVane of the lagenostome. The 
outer investment hangs down from the inner margin of the micropyle like a fes- 
tooned tent, and becomes merged at its lower margin, as is also the case with the 
lagenostomal membrane, with a very especial membrane enclosing the nucleus. 
On making transverse sections of this "part of the seed, the tent-like membrane just 
described is seen to exhibit ten crenated curves, the concavities of which are 
directed outwards. Between these concavities and the external testa a delicate but 
large-celled parenchyma seems to have formed a feeble bond of union between the 
two, whilst in the centre of the circle of which each crenulation is a portion is a 
black speck, which has either formed an intercellular canal or a pillar of cellular 
tissue more dense than that sunounding it. The crenulated curves referred to have 
corresponded with the undulation in the wall of the lagenostome. In two examples 
the interior of the latter organ contained several small bodies in close contact with 
the nucleus, and which exhibited every appearance of being pollen -grains. The 
nucleus itself is enclosed in a thin special membrane, full of small angular spaces, 
which look as if they had been occupied by crystals. 

To a second similar, vet very distinct seed, the author has assigned the name of 
Physostoma elegam. In it the apical extremity of the nucleus contracts into a 
mammillated projection, which appears to be pushed up into the base of thelageno- 
atome, which thus looks like a bladder half full of fluid resting upon and overhanging 
the end of a sodarwater bottle. In this seed the lagenostome and nucleus are 
further enclosed in a special uniform prosenchymatous layer of some thickness, and 
which in all probability was again invested by some exotesta that is not preserved 
in the solitary seed of this species hitherto met with. 

Another species of seed the author designates Conostoma ^ and a fourth, of a some- 
what similar type, was obtained from Burntisland. 

A fifth species constitutes a very distinct type, having a dense parenchymatous 
exotesta, which has obviously been like that of the Salisburia — i. e. capable of 
drying and shrinking, and thus giving to the section of it an in*egular outline. To this 
seed the author gives the name of Malacotesta ohlonga. Some remarkably fine speci- 
mens of Cardiocarpon were also shown, exhibiting a central suhconical nucleus, 
each lateral margin of which swelled out into a rounded and prominent moulding. 
This was enclosed by a delicate cellular endotesta and a much denser exotesta, botn 
of which were prolonged superiorly into a long slender beak-like appendage con- 
taining the micropyle. A remarkable featuie of this seed was the large size of the 
cells of the nuclear parenchyma. Like the Trigmocarpon, to some peculiarities in 
the structure of which the author directed attention, all these seeds have obviously 
been gymnospermous ; and, from a recent communication presented by M. Brong- 
niart to the Academy of Paris, there is reason to believe that all the seeas possessing 
a lagenostome may have been Cycadean. 
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ZooLoor. 

[For Dr. Solater’s Address see page 85.] 

On the Primary Divisions of the Chitonidse. 

By Philip P. Carpenter, Ph,D, 

The writer showed that there were two parallel groups, the articulated or perfect 
Chitons, and the non-articulated or imperfect Chitons. Each of these were natu- 
rally divided again into regular and irregular forms, and these again into family, 
generic, and subgeneric series. The palaeozoic Chitons were all imperfect, and 
culminated in the Carboniferous period ; very few are now living. The neozoic 
^chs gradually developed perfect Chitons, which culminate at the present time. 
The writer sought information as to unusual forms, recent or fossil. 


On the Nervous and Generative Systems of the Crinoidea. 
By Dr. W. B. Carpenter, F.li.S, 


On the Occurrence of Moa-hones in New Zealand. By Dr. Hector, F.R.S, 


On the Classification and Affinities of the Rotifera. By C. T. Hudson, LL,D, 

The author commenced by discussing Ehrenberg’s classification of the Rotifera, 
and showed by the help of illustrations and diagrams that its fundamental principles 
were erroneous, for it was based on a supposed structure of the trochal disks which 
really did not exist, on a forced interpretation of the term “lorica,” and on the 
presence, absence, and number of certain red spots, which Ehrenberg always took 
for granted to be eyes, but which were not always so ; moreover, those that really 
were eyes were often present in the young animal, but invisible in the adult. 

Ehrenberg’s symmetrical system eiTed in both directions. It brought together 
widely dissimilar forms, and separated those that were intimately connected. The 
rival systems of Ley dig and Dujardin were then discussed, and dismissed as inferior 
to Ehrenberg’s ; though it was pointed out that each naturalist had contributed a 
happy idea in making his unsuccessful attempt — the former having brought into 

E rominence the great value of the foot as a characteristic for classification, and the 
itter having hit upon the excellent notion of dividing the Rotifera into orders 
according to their means of locomotion. 

Dr. Hudson then proceeded to re-classify the Rotifera according to a system of 
his own, in which he availed himself of the laboui’s of Ehrenberg, Leydig, Gosse, 
&c., and arranged the creatures by means of their nervous, nutritive, and vascular 
systems. 

The true position of the Rotifera was then discussed. It had long been disputed 
whether they should be placed among the Yermes, or whether they should be 
ranked as very humble members of the Arthropoda. Leydig and Gosse had always 
maintained the latter opinion^ while the former was upheld Cohn, Vogt, Huxley, 
&c., and followed by the majority of modem naturalists. The various arguments 
against the alliance of the Rotifera with the Arthropoda were severally met, and 
it was shown how recent discoveries had tended to lessen their value — notably 
that of Pedalion mirumy the six-legged rotifer, discovered by the author in a pond 
near Clifton four years ago. 

Professor Huxley’s reasons for consideringjjhe Rotifera to be permanent forma 
of Echinoderm-larvae were then discussed. The Professor had asserted that the 
Rotifera were in their forms divisible into two great groups, that, as far as it 
Was known, the one was monoecious and the other dioecious, and that a corre- 
sponding division of form and sexual arrangements existed among the Echinodeims 
in their larval state. It is this circumstance,” says the Profesror, ^ which seems 
bu me to throw so clear a light upon the position of the Rotifera in the animal 
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series . , . » and hence I do not hesitate to draw the conclusion that the Rotifera 
are thenermanent forms of Echinoderm-larvsB.” 

Dr. Hudson pointed out that his own discoyeries had destroyed this argument, 
for he had found the male forms of both groups. 

It was shown how closely Fedalion resembled one of the Entomostracous 
larvSB, and how it was connected by other aberrant rotifers with those of the 
ordinary type ; and the conclusion was drawn that, if the Rotifera were arranged 
according to their complexity of structure, it would be found that at the lower end 
oi the scale they would, through the PhUodmet, be allied to the worms, and would 
then form a gradually ascending series till at its upper end, through PedaUonf they 
would be linked on to the Entomostraca. 


On certain Neglected Subjects of Ornithological Investigation*. 

By Alfred Newton, ALA., FJl.S., V.-P.Z,S., (^c. 

To the author it seemed that ornithologists have of late been getting into certain 
well-worn ruts to the abandonment of other tracks which equally deserve travelling 
upon. He has recently had to take stock ” of our ornithological knowledge, and 
finds that the result on the whole is gratifying — some branches of the study having 
received much encouragement since the new views of Evolution were promulgated, 
but others have remained in statu quo antk. Among the former are the Differen- 
tiation of Species and Geographical Distribution ; but Developmental Osteology 
(the department of science which in this country Prof. Parker nas made his own) 
still remains one in which the plenteous harvest has but few reapers, and is 
earnestly recommended to young ornithologists. Descriptive Anatomy nas fair 
prospects j and Fossil Ornithology receives as much attention in Britain as can be 
expected from the scarcity of omitholites j but Pterylography is stiU far too little 
thought of. 

The ^eatest falling off appears to be in Observational Ornithology, owing to the 
out-of-door ornithologists trying each to find out every thing for himself, instead of 
starting from the discoveries oi our predecessors. The want of progress is most 
plainly shown by observations on Migration, which are of exactly the same kind 
as in Gilbert White’s time, though there was then a special object now not needed. 
No tabulation of such as have been made has been attempted, except by Von 
Middendorff (Die Isepiptesen Russlands. St. Petersburg ; 1856) ; and consequently 
what may come of it cannot be said. Partial migration, which is most likely to 
^reveal the cause of birds’ movements, is still much neglected ) and no one in this 
country has tried to show the routes by which they migrate, a subject last year 
ably treated by Palm^n (Om Foglames nyttningsvagar. Helsingfors : 1874). The 
ftep in advance taken by Knox more than twenty years ago has hardly been 
maintained by other British observers, and thus very little has been done since 
White’s time. We cannot ^ess at the faculty by means of which miration is so 
unerringly performed. We nave no observed facts to urge against von Midden- 
dorft'’8 hypothesis, wild as it seems, that birds may be aware of the position of the 
magnetic poles, so as to steer their course accordingly ; while Palm^n’s supposition 
as to experience ” afBarding a key to the mystery is insufficient : for experience 
can only mean a recognition of landmarks, which is impossible in tne case of birds 
which travel by night or cross at one stretch 1000 miles of land or sea. 

The so-called " Laws of Plumage ” have also been almost entirely neglected of 
late. Incidental remarks on Moulting are found here and there *, but no connected 
series of observations on the subject generally, which might be profitably investi- 

f ated by those who have constant access to zoological gardens, while tnose who 
tame birds might also afford effident aid. 

The period of Incubation is a sublet on which, with but very few exceptions, 
we are quite imorant When it differs in two species so nearly allied as the 
Pheasant and the Bamdoor-fowl, we may^be sure that some important cause exists 
which has hitherto escaped us ; and the effects, if any, of atmospheric temperature 
on the development of the chi^ are equally unknown. Under 200 spedes breed 
* Published in tadtum in the * Field,’ and thence reprinted in the < Zoologist.’ 
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in BiitAi% but tbe period of incubation has not been accurately ascertained in 30 ; 
and with respect to foreign birds our i^orance is still more profound. 

The autW stated that he might easily extend his remarks to other heads^ but 
perha^ this was enough. He looked rather to those who had not yet adopted any 
special branch of research to prosecute the inquiries he recommended than to 
ornithologists of experience who were occupied in their own line, though he 
doubted not they would countenance the view he took. 


On Instinct and Acquisition, By D. A. Spalding. 


Anatomy and Physiology. 

[For Professor Cleland’s Address see page 134.] 

On a new Method of taking Photographs of Microscopical Objects^ devised 
by Mr. Hugh T. Bowman. Illustrated by Micro-photographs of Ana- 
tomical Preparations. By Heney B. Beady, F.R,S. ^e. 

The instrument exhibited and described consisted of a small oval mirror of 
speculum metal, set in a brass cap to fit over the eyepiece of the microscope at an 
angle of 45^, the microscope to be placed horizontally. If used for drawing 
(instead of the ordinary camera lucida), the reflected image was received on a 
sheet of paper, the side light being shut out by the employment of a box blackened 
inside or a thick cloth. For photographic purposes an ordinary photographic 
camera was arranged, with a hole in the base instead of the end to receive the 
microscope tube, the plate-holder being in a horizontal position. The exposure re- 
quired for wet collodion plates, even with high powers, was stated to be very shoi-t. 


On some Physiological Effects of various Drinking- Waters. 

By W. J. CooPEE. 

In 1870-78 M. Wurtz, the Dean of the Ecole de M^decine in Paris, presented to 
the French Academy of Science two important papers by M. F. Papillon. In those 
papers it was shown that the phosphate of lime in Done is capable of being replaced 
to a considerable extent by the phosphates of strontia, alumina, and magnesia. The 
first experiments of M. Papillon were commenced on Monday, September 6th, 
1869. He took a young pigeon, shut it up in a cage, and fed it with wheat rolled 
into a fine paste, and mixed with some phosphate of strontia and a solution of 
chlorides, carbonates, sulphates, and nitrates of potash in the proportion of IJ 
gramme to the litre of distilled water j a small quantity of hydrochloric acid was 
also added. On the 1st of April, 1870, the pigeon was killed. An analysis of the 


bone-ash showed : — 

Lime 46*75 

Strontia 8*45 

Phosphoric Acid 41*80 

Phosphate of Magnesia 1*80 

Residue 1*10 


99-90 

Another pigeon on the same date as the preceding was supplied daily witli a solu- 
tion of pnosphate and carl^nate of magnesia and distilled water. Killed on the 
4th of April, llie analysis of bone-ash showed : — 

Lime 

Magnesia 


61*76 

1*81 
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On tke I6th September, -1869, a white rat, six days old, was treated daily with 
a decigramme of phosphate of alumina in a litre of distilled water, with rice and 
gluten. On the z9th November, 1869, the rat died suddenly of convulsions. A 
post m&rtem examination showed inflammation of the intestines, attributed to the 
mechanical effect of nodules of phosphate of alumina. The rat was boiled in dis- 
tilled water, and then boned. The bone-ash contained : — 

Lime 41 TO 

Alumina 6*95 

On the same date as the first rat, a little rat of the same litter was put under the 
same conditions, except that in place of phosphate of alumina, phosj^ate of mag- 
nesia was administer^. This rat was killed on the 25th November, 1869, appa- 
rently quite healthy. The bone-ash was found to contain : — 


Lime 46T5 

Magnesia 3*66 


May 21st. — Six chickens, just hatched, were taken; one killed immediately; 
others fed with rice, cooked in distilled water, with phosphate and carbonate of 
magnesia added to the ordinary salts in the water they drank. 

June 28th. — Rice replaced by wheat, cooked as the rice. 

The five chickens were killed at different periods. 

in analysis 
... 63*45 
. . . 0*83 

... 61-59 
... 0-90 
... 60*51 
. . . 2*01 

There were only inappreciable traces of magnesia in the bones of the chicken 
killed at the moment of its birth. The bones of all these animals had preserved 
their ordinary aspect and physiological properties, and there was no disturbance of 
the normal functions of the system. Bone-ash, as is known, consists of phosphate 
of lime, with about two per cent, of phosphate of magnesia, and more or less car- 
bonate of lime. The full importance of these experiments does not seem to have 
been fiilly appreciated. It is not only shown that the food which is eaten afiects 
the composition of the bones, but that mineral matter in dilute solution is capable 
of being assimilated. The experiments are in fact experiments on diflerent kinds 
of artificial drinking-waters, and illustrate how profoundly the bodies of animals 
are influenced by the mineral constituents of the water which they drink. They 
seem to show tliat the effect of altering the composition of the water-supply of a 
community might involve questions of vast importance to the organic structure of 
the human body, if the very composition of our bones is affected by the quality of 
the water. If the water contains lime, lime may be taken up, and would appear as 
phomhate of lime in the bones ; if strontia, as phosphate of strontia ; if magnesia, 
as phosphate of magnesia. If by any combination of circumstances these salts 
should be deficient, the bones would be imperfectly supplied with mineral matter. 
It is said that such instances have occurred in Holland in districts where the inha- 
bitants can only obtain rain-water for drinking-purposes. This fact, probably com- 
bined with an absence of lime in their food, occasions a softening and distortion of 
the bones of the body. By varying a water-supply it might be possible to alter 
the physical organization of a population, and m future ages, from the examina- 
tion ot the bones of bygone generations, the character of the water they were in the 
habit of drinking might possibly be deduced. So much attention is now directed 
to organic impurity in drinking-water ^a defect which can be completely remedied 
by careful filtration), that the inorganic impurities have been almost overlooked, 
although there are numerous inst^ces where serious consequences have arisen 
firom me incautious use of deep-spring waters* Some time ago at Hendon, in 
Middlesex, an artesian well was bored to supply the water necessary for some 


Ash showec 

4th July 

Second, 12th July 

Three others, 10 days later I Lime 

I Magnesia 
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valuable horses which were being reared there. The water was bright looking, 
pleasant to the taste, and quite free from any organic impurily 5 the foals, however, 
who drank the water soon died, and the whofo stud were seriously affected with 
diarrhcea. Professor Way, one of the Royal Commissioners on Water Supply, 
analyzed the water, and it was found to contain sulphates of magnesia and sooa in 
considerable quantity. On discontinuing the use of the water the disease was 
arrested. A similar case occurred at Rugby ; but in that instance human beings 
were the sufferers. The water from an artesian well free from organic impurity 
was hailed with satisfaction at its brightness; the community, however, were 
attacked with diarrhoea, caused by the sulphate of magnesia or Epsom salts present 
in the water, and the supply had to be discontinued, as there is no known method 
of freeing the water from sulphates. The opinions of some leading authorities on 
water-supply have undergone considerable modification recently. A few years ago 
Dr. Frankland returned all solid matters in water as impurities in the analyses ne 
made. The author was therefore much surprised to near him recommend as a 
supply to a district containing 14,000 inhabitants a water proved by analysis to 
contain 12 ^ grains of anhydrous sulphate of magnesia per gallon, equal to 25 grains 
per gallon of Epsom salts. This evidence was given last session before a Oom- 
mittes of the House of Commons. Dr. Frankland stated that it was absurd to say 
that a water containing such a quantity of Epsom salts could be objectionable from 
a dietetic point of view. Fortunately for the health of the people the Parliamen- 
tary Committee refused to allow the district to be suppliea with the Epsom-salt 
solution. The water of St. Ann’s Well, at Buxton, the slight purgative quality of 
which is considered one of its merits, contains an amount of magnesia equal to 
13 gi’ains of Epsom salts per gallon. It is known that goitre and other throat and 
glandular affections, and even idiocy, have been attributed to inorganic salts in 
drinking-water. We know that the human system is easily deranged by a change 
in the drinking-water. The spa and chalybeate waters at the favourite places of 
resort have been renowned for ages for their medicinal virtues. If the entire 
organic structures of the human body are liable to alteration when excess of mineral 
matter is introduced into the system, it is essential that health-seekers at these 
medicinal springs should place themselves under medical supervision. And one of 
the first considerations in the inauguration of a water-supply should be to ensure a 
perfect freedom from excess of any mineral except those comparatively hannlesa 
ingredients — chloride of sodium and carbonate of lime. 


Further Researches on the Physiological Action of the Chinodine and Pyridine 
Bases, By Prof. Dewar and Dr. M^Kendrick. 


On the Origin of the Lymphatics, 

By Drs. Georoe and Frances Elizabeth Hogoan. 

Our knowledge of the intimate structure of the lymphatic system commences 
with Von Recklinghausen, the discoverer of the beautiful silver method of staining 
tissues. As it was impossible to speak in a short paper of the nature of the lym- 

S hatic radicles in all tissues and in all classes of the V ertebrata, the authors exhibited 
rawings carefully executed, by the aid of the camera lucida, of the following : — 

1. Lymphatics and their radicles in the voluntary muscles of mammals.^ 

2. Lymphatics and their radicles in the involuntary muscles of Batrachians. 

3. Lymphatics and their radicles in the skin of fishes. 

4. The development of lymphatic vessels in the embryo. 

5. The development of lymphatic radicles at all ages. 

The development of the lymphatic radicles is simply that of fixed connective 
tissue. The gradual development of embryonic cells into permanent connective 
tissue was described by means of drawings, which showed the distinct multinudear, 
protoplasmic, embryonic cells in the early embryo, forming the first stages of the 
cdls of a basement membrane. The embryonic cells place themselves in position, 
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grow kggWf 611 each nneieus Is i^ls to separate witii its own particle of proto- 
to form an independent, although irregularly shaped hat cell, the so-called 
nnmclied or lymphatic cell of the ground substance ; in other words, the eonnective- 
tisime cell of a basement membrane. The varieties of form which these cells now 
assume are unlimited. At one spot in the same preparation the authors can see 
them pressing together to form the flat and irregularly hexagonal or round cells of 
the endothelium from (and lying upon) the cells of tne basement membrane. At 
another place they have seen them elongating into fibrous tissues, such as are seen 
in the skin or in the wall-tissue of an ovarian cyst. When several months ago they 
discovered that, after rubbing epi- or endothehum off the surface, and ti*eHting the 
thus exposed surface with suver, there were presented to notice the cells of lym- 
phatic ground substance, they (having verified this on several structures) supposed 
they had discovered that basement membranes were really lymphatic membranes. 
Before, however, they had carried their investigation much further, they found that 
Dr. Debove, of the College of France, had a few months befoie arrived at the same 
conclusion in regard to the basement membrane of the epithelium of the respiratory 
and alimentary tracts, and that Br. Siavianski bad done the same in the case of the 
lining of the Graafian follicle. They had, however, discovered that the basement 
membrane under the human epideitnis had the same significance, which Debove 
had only si^gested as probable, but had been unable to (kmonstrate. While con- 
tinuing their mvestigations, they found, after stripping this thin layer or supposed 
basement membrane fi*om the inside of the wall of an ovarian cyst, an identical 
structure underneath ; and the same process could be often repeated with always 
the same result. Thus they were led to see that, these several sheets being identical 
wildi each other and with basement membrane, the so-called lymphatic ground 
substance was formed of the cells of connective tissue, of which basement mem- 
brane was itself composed. But just as the cells of basement membrane have 
been called lymphatic cells, so were the cells of these different layers quite as much 
lymphatic c^ls ; and found as they are in all tissues, they constitute tne radicles of 
the lymphatic system. The sha^ and position assumed by these cells depend on 
the form of the tissue proper of the organ in which they are found ; separating the 
tissues proper from each other, while they are largely connected between them- 
selves, they form nutrient channels, by means of which the tissues proper may 
supply themselves ftom the liquid pabulum which passes along the chains of these 
connective-tissue cells or lymphatic radicles. 

The lymphatic circulation begins in this manner. The branched cells which we 
see depicted in the drawings of all careful observers as lying alongside of the capil- 
laries and forming the tunica adventitia of small vessels form, the authors believe, 
the proximal points of the nutrient lymphatic system to the blood-vascular system. 
From these proximal cells the liouid pabulum is passed on into other similar cells, 
with which they have innumeraole anastomoses j and the process thus continued 
through innumerable intricate networks of anaiomosing lymphatic radicles or 
connective-tissue cells, we have, finally, a joinii^ of these cells with lymphatic 
capillaiies or small sinuses, canying the now effete liquid pabulum (now called 
lymph) into the trunks of the lymphatic system and thence into the blood. 

The authors believe that, as the seat of nutrition has been fonnerly removed from 
the SDMdler blood-vessels into the capillaries, so must we now further remove it from 
the oopiiimnies into the network of anastomosing connective-tissue cells or lymphatic 
radicles. Nor is this hypotheas of nutrition connected with or depending on an 
hypothetical nositiou or condition of the cells themselves. The authors have 
traced the cells of the tunica adventitia of a vein until they joined together in 
opening into a small lymphatic vessel,* but it is from the drawings of oSiers that 
they prefer to prove this arrangement. Take, for instance, some of Vein's beautiful 
plates in his monogi*aph on we lymphatics ; we there see, in his drawing No. 34, 
the brtmched cells extending by anastomoses amongst themselves, between the 
anaaller vesaek of the blood and lym^atic systems. 

Uptm the more or less permeable or dbannelled condirion of those cells Ihe 
aiithors did not dilate, although they pointed out that Ihe well-known hoilowiiig 
out of these branched oeik to foim new capiliaries at the blood- vascular end is pro*^ 
biMy only the rasnli of a densaiid for an excessive supply of Mquid pal^tim 
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the tiflsues nearer the lymphatic end of the chain, the cells at either end being 
capable of forming a blood or lymphatic vessel, by the process of hollowing out so 
often described by histologists, as the necessity of the case may demand. 

They next considered the development of lymphatic vessels m the embryo. Dr, 
Klein, in his work already quoted, draws and describes the formation of endothe- 
lium by vacuolation of cells — that is, cells becoming hollow and greatly enlarged, 
and their wall subsequently becoming divided off into numerous endothelial cells. 
He further predicts that it may subsequently be found, from the arrange ments of 
these vacuoles in relation to each other, as seen by him in natural and induced in- 
flammation, that they may ultimately open into each other, and thus form lymphatic 
channels. This very natural prediction of his the authors have seen fulfilled — not, 
however, in inflammatory conditions, but in the embryo itself. They have observed 
this process in its different stages, from the commencement of the formation of a 
vacuole to the junction of two or three fully formed vacuoles with each other and 
with the termination of an already formed lymphatic channel. While, however, 
they agree with his description of the process of formation of vacuoles in many cases, 
they do not consider it to be invariably applicable. In other cases it appears 
to consist of a circular hollowing or sinking down of the basement membrane from 
the surface endothelium, the lining cells being formed by multiplication and com- 
pression of the cells of the basement membrane, thus forming a pavement of cells 
for the lymphatic sinus. This mode of development of lymphatic vessels the 
authors do not consider as general, but applicable only to sucn conditions of exces- 
sive vital stimulation as are found in tne embryo and dui*ing inflammation, the 
ordinary process of such formation being similar to the same in blood-vessels — 
namely, a gradual enlargement of a lymphatic radicle by distention and addi- 
tion of other cells, as the necessity for enlargement shows itself, until a com- 
paratively l6uge lymphatic channel is formed. 


On Protoplasm and Adipocere. By D. J. Goodman, 


On the Preservation of the Bodies of the larger Animals for Dissectiorn 
By F. Greenwood. 

Although many suggestions have been made and methods described for the pre- 
servation of animal carcases for dissection, yet few seem to have been carried out 
in practice, at any rate so far as regards the larger animals. In the case of the 
ordinary subjects of veterinary anatomy, the abundant supply renders any attempt 
at long preservation needless, as a whole subject can well oe sacrificed for the saxe 
of some special region or organ. 

But when some uncommon but bulky specimen falls into the way of an ana- 
tomist, he must either content himself with a vei^ cursory examination of the 
general disposition of the parts, or select some special points for investigation, and 
leave the rest. He must, besides, be prepared to devote all his tinae to the work, 
or the opportunity is lost. 

The latter consideration, in the case of those who can only devote their leisure 
or a portion of their time to such work, frequently prevents any attempt to pro- 
secute what might be most interesting researches. Nevertheless tolerablv easy 
and simple means may be indicated by which a body can be preserved indennitely 
in a state fit for dissection, so that the work may he either pursued or laid aside as 
circumstances determine. 

It has been suggested that, as we have been tolerably successful in dealing with 
the carcase of a young elephant from last winter until now, some account of the 
mode of procedure may be of interest to those who have a taste for such work. 

The animal was purchased by the Council of the Leeds Philosophical and 
literary Society, and most liberally handed over to their Curator, to be dealt with 
as he consider^ best ; and it is owing to the facilities freely furnished by them 
that the work has been continued. 

The animal, which died about the X3th of December, was received m the Iflth^ 
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in a very fresh condition, owing to the cold weather which set ip about that time. 
It was deposited in an open yard, but the next day a light wooden shed was 
erected over it. At this time the possibility of making a detailed and leisurely dis- 
sertion was not contemplated. The dissector only hoped to make out a few of the 
principal points of interest ; so that the first steps of the dissection were not so 
exact or well arranged as they would o-therwise nave been. The abdomen was 
opened, and the stomach, liver, spleen, and intestines were removed. The hide 
being wanted for the purpose of tanning, the carcase had to be flayed, not without 
some injury to the superficial structures. At this time the cold was very intense, 
and the work of dissection consequently both painful and laborious, crystals of ice 
forming under the kmfe. 

However, the work was continued, as the possibility of a sudden change in the 
weather, and consequent speedy decomposition of the carcase, was kept in mind, 
the elephant having the reputation of neing especially prone to rapid putrescence 
after death. 

The pectoral and axillary regions of the left side were dissected, and the front 
and left side of the neck. 

At this time nothing wm done to preserve the body with the exception of 
sprinkling it with spirit, which was found to facilitate the dissection by preventing 
the rapid freezing of the exposed parts, which was annoying. The cloths with 
which it was covered were also wetted with spirit. 

Finding that progress was very slow, and perhaps also entering more into the 
work than at first, it occurred to us to try the effect of the arsenical solution which 
is used in the School of Medicine to preserve subjects for the usual period of dis- 
section, hoping to delay the progress of decomposition for a time. 

We therefore inserted pipes into the abdominal aorta, and injected a quantity 
of the fluid both upwards and downwards. It ran very freely, and penetrated the 
most distant parts, although a good deal escaped from various points. With the 
view of better preserving the brain, a quantity of methylated spirit was iniected 
by the carotid artery. ^ 'i ^ j 

Finding that the subject seemed to keep very well, and the gi’eat desirability of 
a detailed and careful aissection becoming more and more apparent, the possibility 
of a ^manent preservation of the portions of the carcase began to be considered. 

We have for some time been in the habit of preserving such things as dissected 
limbs, which have been injected with the preservative solution, for considerable 
periods, keeping them in a closed box with a little- spirit sprinkled over them 
occasionafly, so as to keep up a spirituous atmosphere in the box. 

This plan it was decided to adopt with the elephant. A large box was prepared, 
and ultimately a second, lined with lead and with closely fitting lids. 

Each fore limb, when separated, was again injected with the fluid and after- 
wards with dilute spirit; and the injection, sometimes with one solution and some- 
times with the other, was repeated several times at intervals of a few days. The 
parts were covered with cloths wetted vrith spirit, and laid in the box. the hind 
fimbs were kept attached to the pelvis, and were treated in the same way. The 
head was at first immersed in dilute spirit, and kept in a tub by itself. The viscera 
were preserved, as usual, in fluid. 

From this time, which was about the middle of January^ until now the parts 
have remained perfectlv sweet, sound, and natural in appearance, the muscles re- 
taining their natural colour, and the other tissues fully maintaining their distinc- 
tive characters. The brain, however, was found not to be well preserved, though 
the cerebellum and medulla oblongata were tolerably perfect. This, however, was 
not exainmed until after six months had elapsed. 

Owing to various causes, the dissection has been going on veiy slowly and with 
■repeated short interruptions ; but the part under dissection has been simply roU^ 
in a cloth which is kept moist by wetting it with dilute spirit, the use of tfie spirit 
being rather to prevent the water from producing too gi*eat flabbiness and mould 
than directly to preserve the part. A dilute solution of a mixture of carbolic acid, 
glycerine, and methyla^ spirit is also very useful to wet the cloths with, as it is 
highlv antiseptic ; and in the summer an outer covering of Mackintosh cloth has 
been found convenient to check evaporation. 
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If not kept wetted the parts soon dry up, and are apt to become covered with a 
whitish efflorescence, which is difflcult to remove. 

I am inclined to attribute the success in great measure to the repeated injections, 
a few days interval being allowed between each j thus the tissues had time to be- 
come thoroughly imprecated with the fluid j and it is to that, rather than to the 
special virtues of the solution, that the result is due. 

^ It is thus apparent that a tolerably bulky animal may be preserved for dissection 
at leisure with a moderate amount of trouble and expense — all that is needed 
beyond the necessary anatomical knowledge and instruments being a sufficient 
quantity of the arsenical fluid (which is quite cheap), a gallon or two of methylated 
spirit, and a tolerably well-closed box or case in which to deposit the subject. 


On Vegetarianism. By C. 0. Geoom-Napiee. 


Bearings of the Conservation of Force ’’ on Life. By P. Hallett, M.A. 

The object of this paper is to consider the modern theory of the conservation of 
force in connexion with the phenomena of life. 

The author holds that these phenomena do not conform to it, but that they 
rather indicate that life, considered as a natural cause, whatever the nature or 
essence of that cause may be, has within itself a power of self-propagation and 
renewal. Though it borrows its materials from the physical universe, it confers on 
tliem the vital powers, both general and specific, that they possess through 
organization. 


On some new Researches on the Anatomy of the Bhin. By Dr. Maetyn. 

The object of this cominimication was to make Icnown some facts in the ana- 
tomical structure and growth of the cuticular layer of the skin. In a recent 
paper the author had described this with reference to disease, and he now had to 
confirm the view which those appearances led him to predict as holding good for 
ordinary and healthy epithelium also. 

Twelve years ago Max Schultze observed that the lowest of the cells forming, in 
many layers, the cuticle were often covered with spines Stachel ”) or grooves 
(^^Riss ’j. His brother confirmed this in fishes, and other observers had done so in 
many diseases of the skin. The subject attracted little notice, and had scarcely 
even now reached our English text-nooks. 

It was in endeavouring to make out the real nature of so strange a structure that 
the author, by employment of imusually thin sections, staining, and the highest 
available powers or the microscope, had discovered that the ceUs which appeared 

spinous*^ or echinate when isolated from their connexion, if they could be at 
any time seen in single layers, were simply united together by delicate bands. 
These are so constant^ seen broken across that they assume the form of tubercles 
or^ prickles.’^ As repeated observation confirmed this, the name “ conjoined 
epithelium” had been proposed for this form or stage in cell-life as here 
exhibited. 

These observations, of which drawings were engraved in the Number of the 
Monthly Microscopical Journal of the present month, were made on cancer of the 
skim in which the cells fortunately become monstrous. 

Now the author was in a position to say that the conjoined ” epithelium was 
also to be found in (H human sldn, (2) the front of the eye in the pig, (3)^ the lips 
of at least one fish (Zemf fiber). The sturgeon was just now under investigation. 

The difficulty of making the structure clear in a healthy animal cuticle was 
(1) the intense cohesion of these very cells, so that, in trying to stretch, one usuaRy 
breaks the imiting bands ; (2) the necessity for using a high power, the with 
8(^-1000 diameters, being required to make sure of the nature of the bands. 

The interest of the suT^ect lies in this direction. All the cells of which living 
things at any moment consist were produced by division of a parent, either into 
1875. 13 
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two edUal parts (fissiparous) or by budding off a small bit (gemmiparous). Epitb^* 
lial cells grow so too j and in coiy oined ” epithelium we, so to say, catch the diviaon 
process lingering on. Many cells diride like an hour-glass; but here the points 
are very numerous. Protoplasm, of which cells at first consist, varies coiistantly 
in form, as the amoeba, or the white-blood cell. While alive in a formative sense 
it moves. The old outer firm wall or shell of matter which forms around cells, 
and which we call cell-wall, has ceased to have this formative life, whatever 
functional powers it has. Cells of many striking shapes are found in the orgamc 
world — star-shaped, spindle-shaped, caudate, and so on. In the early discoveries 
of cell-growth (soon after Schwann, 1836), innumerable mysterious vital powers 
were attributed to cells, amongst which was that of projecting processes, long 
wandering arms pervading intercellular tissue or other structures. As the author 
had endeavoured to show some years ago, the form of the cell is almost invariably 
the result of ordinary force. It is a form which the cell is forced to take, by 
dragging out of points at which it was in the act of dividing. This idea is now 
a familiar one, and the conjoined epithelium a good illustration. A fresh subject 
for investigation would be those cases in which cells are covered with ciliary pro- 
cesses, probably from splitting of hardened and formed outer materials. 


On Vascular Plexuses in the Elephant and other AnimnU. 
By L. C. Miall and F. Ghebnwood. 


Anthbopologt. 

[For Professor Rolleston^s Address see page 142.] 

Note on the Ossuary at Rothwell^ in Northamptonshire, 

By John Beddoe, F,R,S, 

This is a very large ossuary in the crypt of a church. There is a sort of tradi- 
tion that the bones are those of men slain in some battle ; but it is unworthy of 
notice. A few of the skulls were brought away three or four years ago by Sir 
William Grove, and restored to their place after being measured and described by 
Prof. Busk, Br. Beddoe examined a different set of skulls, which he took in- 
discriminately from the heaps, only rejecting those which were clearly feminine. 
The average length of fifteen was 7*813 inches, the average maximum breadth 
6*767 inches, the average index of breadth 78*7, v^ingfrom 72 to 87. The index 
of height was probably low. The average ca^city of ten (measured with rape- 
seed and Buskos choremometer) was I866'6 cufcc centimetres, equal to a weight of 
46*6 oz. for the true brain-substance, reckoning the sp. gr. at 1040, and allowing 
4*6 oz. for the membranes and blood. This is a veiy low brain-weight, below even 
that of Br. Boyd’s series of paupers and lunatics. 


Bhahdomancy and Belmancy. By A* W. Bucklaio), M,A,L 

In this paper the author endeavours to show 

1st. ]^om personal observation that Bhabdomanoy is stiH practised in England 
in certain localities, and that it is a survivd of a veiy anoint Bap6r8titio& ori- 
ginatinfl^ the use of rods as symbols of ^wer. 

2nd. iHiat the staff as a sceptre was pr^hly a later ibrm of tha hom, which was 
thus used in very early prehistorio times, and in that aharaoter adotn^ the 
heads of gods. 

8rd. That from this use of rods or horns arose a veneration fbr thmn as possessing 
the inherent ]^wer of healing disease and even of restoring life. Hence their nee 
by magicians in all ages and countries, the chief instminenia employed by them 
being a ring and a stim and a biftircated stick* 
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4th. That these symbols comoined are found in Egyptian, Assyrian^ and Peruvian 
sculptures, and may be traced in some of the stone circles of Britain, and in the 
shape of Irish brooches or fibulae. 

5th. That from the belief in the magical powers of rods perhaps arose tree- 
worship, or at least such veneration for trees as is observame of the oaks of 
Bordona and of the Druids, the ash of Scandinavia, and, for some unexplained 
reason, more particularly of the hazel. 

6th. That Belomancy or Divination by marked arrows, said to be of Scythic 
origin, was practised in Babylon, Judaea, and Arabia, and that traces of it may still 
be found in folk tales of Russia and Siberia. 

7th. That the mode of using these arrows had a strong resemblance to the very 
ancient custom of casting lots, common to all peoples, ancient and modern, the 
Hwiting Treow ” of the Anglo-Saxons being still used by the Hottentots. 

8th. That the invention of lots and dice as well as that of the divining-rod is 
ascribed to Hermes or Mercury, identified with the Woden of the north and by 
some writers with the Indian Buddha. 

9th. That a strong resemblance exists between the implements of magic and 
the ancient alphabets, also the reputed invention of the same god or gods. 

10th. That many of the signs or letters forming the Archaic-Phoenician alphabet 
are found in the rock-sculptures of Peru, thus adding one more to the many proofs 
of a communication existing between the hemispheres in prehistoric times. 

11th. That the arts of magic and divination were not of Aryan origin, hut a 
remnant of that Turanian or pre- Aryan faith which once overspread the world. 

12th. That this is proved by their present existence among aboriginal non- 
Aryan races, and may perhaps even he used as a test of race ; so that those who in, 
Somerset and Cornwall are said to possess the power of divination by the rod, may 
possibly have some remote affinity with the aboriginal inhabitants of Britain. 


On the Indiana of the North-wesiern United States, 
By Colonel Carkington, LL,B, 


On Prehistoric Culture in India and Africa* By Hyde Clarke. 

Calling attention to the author’s philological investigations as to the evidence of 
the successive migration and distribution of languages in Asia, Africa, North, 
Central, and South America, and in some cases in Australia, he proceeded to give 
the result of later fecial investigations as to the community of culture in 
India and Africa. For this purpose Koelle’s African vocabularies were used, 
with those of Dr. W. W. Hunter, Col. Dalton, and Sir G. Campbell for India, but 
excluding the Tibetan, Dravidian, and Sanskrit. Thus the materials were chiefly 
derived from Bodo, Dhimal, Kooch, Garo, Savara, Miri, Naga, Karen, Kami^ and 
Kol, races which certainly had exercised no influences of commerce or civiliza- 
tion in Africa within the historic period. Besides weapon-names elsewhere 
referred to, Town, Canoe or Boat, Tree, and Leaf show a community. The 
author then showed how the Indian words for salt were reproduced in Africa, as : — 
Naga, matse ; Miri, alu ; Kol, Mung ; Kooch, nm ; Kami, maid ; Bodo, kara ; Savara, 
lun j Karen, ithah ; Gondi, sahhar. The facts he held to prove that the earliest 
savages had made themselves acquainted with the properties of salt, and carried 
this kmowledge with them throu^out the world in their migrations. The names 
of the domestic animals are recognizable ; but those for elephant seem to show, 
as might be expected from geological testimony, that this animal being then most 
widely distributed was well distinguished. The philology of the aboriginal 
languages of India could only be eflfectually studied frmn those of Africa ; and the 
mthoT suggests that it would be a great advantage if some of the xnissimMtrias oi 
the two regions could interchange stations. 


13 * 
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Further Note on Prehistonc Names of Weapons. By Htde Claeke. 

This was in continuation of a note laid before the British Association in 1878, 
showing, in connexion with the distribution of weapons, that there was a com- 
munity of aboriginal names in the prehistoric epoch as there is now. The author 
stated that these results were confirmed since then, and since the publication of 
his * Eesearches in Prehistoric Comparative Philology,^ by the examination and 
clarification of a larger body of facts. The names tor arrow, dart, spear, sword, 
knife, and axe were round to present common forms in Asia, Africa, Australia, 
North America, Central America, and South America. The philological facts 
show a series of influences, so far as Australia is concerned, operating from the 
Old World. In conformity with Col. Lane Fox’s conclusions, the names for the 
hoe and other tools are found to be allied with those of weapons, showing that the 
same instrument was used for tool and weapon. 


On the Himahyan Origin of the Moujyar and Fin Languages. 

By Hyde Clarke. 

The author pointed out the relations of numerous languages in High Asia to the 
Ugrian, and remarked that the affinities of Magyar and Fin were strongest for the 
languages of East Nepaul. Among the Himalayan Ugrian were to be found 
Magyar and Hung ; and the author suggested these as being connected with the 
invasion of Hungary. To harmonize the facts as to the connexion with this event 
of the Lesghians, Avars, and Khunzag of Caucasia, Mr. Hyde Clarke treated the 
chiefs as Lasghians (Vasco Kelarian) and the people as mostly Ugrian. 


On the Ethnography of Scotland. By the Eev. J. Eaele. 

1. Aspect . — That the Norwegians are like the Scotch in appearance and in several 
particulars of life is an ordinary and oft-repeated observation ; but what gives this 
popular remark its value is this, that it is confirmed bv the authority of the 
scientific observer. Early this year the author asked Dr. Beddoe whether he 
thought that the comparison of the Scotch to the Norwegians had any thing sub- 
stantial in it j and the speedy result of that question was that he showed him a 
collection of large photographs which he had lately received from Dahlniann, the 
eminent Norwegian artist, as specimens of the various types in Norway j and 
almost all of them were, in his opinion, to be met with in Scotland. 

2. History . — The Landnama states that the north of Scotland was conquered by 
Norsemen. The biographical and romantic Sagas present it as a habit of the 
Norsemen, when tired ot home, to harry west.^’ Ime condition of Lincolnshire 
as compared with Denmark confirms the ti’uth of this ; and we may safely conclude 
that Scotland received those who left the south of Norway. From the more 
northerly fiords the outgoers occupied the Hebrides, which they called the Southern 
Isles (in their speech ^^Sundreyjar,” a word which stiJl lives on in the title of “ Sodor 
and Man’*’). The Saxon Chronicle under 924 gives the composition of the popula- 
tion of Northumbria, which included the Lothians, in these terms — “ ge Englisce, 
ge Denisce, ge Northmen.” We know that many points of the west coast down 
to the Lake-district were occupied by Scandinavians. A passage quoted from 
Burton (History of Scotland) expressed that Norse superstitions lingered in Scot- 
land down to a very recent date. 

3. Langtmge. — ^In the Scots language the most conimicuous and striking features 
are Norse j and this fact may now be considered placed beyond question by the admi- 
rable dictionary of Vigfusson, which every one with a moderate philological train- 
ing can consult for himself. A list of words was given which strike our English sense 
as curious ; and yet we, in thus judging of the Scots dialect, are using as a standard 
a language (English) which is itself deeply impregnated with Danish. Again, it is 
not just those words which seem most conspicuous that constitute the strongest 
evidence of the Norwegian element in Scotland. Such words as haim^ gar^ greet 
(ssweep), kerif hx, spetTy speak for themselves j but such an auxiliary as rnam 
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really merits deeper attention. So of other little words, and especially the pre- 
position til. 

4. Summary, ^Oux Danish and Norsk districts ore the meeting-ground of the 
two great divisions of Gothdom, the Teutonic and Scandinavian. In England the 
Danish deposit^ has been much diluted, though spots there are, like Cleveland (so 
well described in Mr. Atkinson’s * Glossary’), where it is still in good preseiwation. 
The political line between Scotland and England protected North Britain from a 
like ailution, and made a place for the maturation of a language unparalleled in its 
own peculiar beauty, and especially as an instrument of lyric poetry. 


On Recent Discoveries of Flint Implements in Drift- Oraveh in Middlesex.^ 
Essex, and Berks. By E. Edwards. 


On the Original Localities of the Races forming the present Population of 
India. By Bir Walter Elliot. 

The object of this paper is to show that the Hindus, although exhibiting many 
varieties of form and feature, were all referable to a common t 3 ^e, differing essen- 
tially from the Aryan, and equally distinct from a Mongolian and Negrito source. 
This normal character was deduced from Professor Huxley’s Australoid type of 
mankind, the original seat of which was to be sought in Central Asia, whence from 
time to time, and often at distinct intervals, hordes have migrated into Hindust^, 
some through the passes of the Eastern Himalayas, others, as the later Dravidians. 
from the N.W., antecedent to the Aryan immigration. Later arrivals dispossessed 
earlier occupants, reducing them to slavery or amalgamating more or less ihtimately 
with them, but never losing the normal physical features of the race. Even the 
Aryans, when they came in contact with the despised Dasyus and Nish^-das (or 
monkey- and goat-faced tribes, as they contemptuously called them), could not 
help intermingling with them in some degree, both in the ordinary and inevitable 
course of sexual intercourse, and also by proselytism arising out of the relative cir- 
cumstances in which tliey found themselves, as their own writings show, 


Notice of a new Code of International Symbols for use on Prehistoric Maps^* 
By John Evans, V.P.R.S, 

The system has been devised by a Committee appointed last year at the Congress 
of Prehistoric Anthropology ana Archaeology at Stockholm. The symbols are 
simple, and intended to denote the occurrence of dolmens, tumuli, and other objects 
of archseological interest, but are also susceptible of being made compound, so as to 
denote the pa,rticular character and even the approximate age of any monument. 
The Eeport of the Committee on which the paper was founded has been published 
in the ^MatdriauxpourrHistoire J’rimitivede rilomme,’ vol. vi. 1876 (Supplement), 


On Recent Investigations in Cissbury Camp, Sussex, 
By Colonel A. H. Lane Pox, Pres. A.L 


On the Origin of the South-Sea Islanders. By the Eev. Wtatt W. Gm, B.A* 

Mr. Alfred Wallace, in his admirable work on ^ The Malay Archi^lago ’ (p. 695, 
4th edit.), has advanced the theory that the Polynesians are descended from a race 
which once overspread a vast submerged southern continent. As the land gra- 
dually sank, a few of the aborigines may have escaped to the tops of the loftiest 
mountains, around which suWquently coral reefs formed. Admitting that 
“ Polynesia is preeminently an area of subsidence, and its great widespread groups 
* Published in extenso in the ‘Anthropological Journal.* 
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of Coral re6& may mark out the position of former eontinenta and islands/’ tke 
author sffl thinks Mr. Wallace’s inference to be unwarranted ; for,; — ^ 

1. Supposing that human beings inhabited this mat southern continent at the 
period oi the subsidence; and that a renmant escaped; the author believes that human 
life could not under sucm circumstances be sustained for any considerable time, as 
usually there is nothing edible on the tops of the Pacific mountains save berries, 
to say nothing of the difficulty, in most cases, of obtaining water. 

2. The theory is utterly opposed to the native accounts of their own origin, 
which all point to the north-west. 

3. The spread of the race can be accounted for on the basis of historical facts. 
In 1862 the author saw on Manul an open boat, which had accidentally drifted from 
Moorea, a distance of 1260 miles, and no life lost. A few months later on in the 
same year Elikana and his Mends drifted in a canoe from Manibiki to Nukuraaeae, 
in the Ellice group (lyingN.W. of Samoa), a distance of some 1360 miles. Half 
the party on board perished from want of food and water. In both these instances 
the drifting was from east to west, before the trade-winds. A far more remarkable 
event occurred in January 1868, during the mevalence of the westerly winds, when 
a numerous family of natives drifted from Eakaofo, in the Union mup, north of 
Samoa, to Nassau Island, thence to Palmerston’s Island, and finally to Mangaia, 
altogether a distance of 1260 miles in a south-easterly direction. 

4. The colour, hair, general physiognomy, habits, character, and especially the 
language of the Polynesians, indicate a Malay origin. This cannot be accidental. 
It would be easy to give a long list of words identical or nearly so in Malay and 
Polynesian. The author believes that long ages ago the progenitors of the present 
race entered the Pacific from the south-eastern fork or New Guinea, but were 
driven to the eastward by the fierce Negrito race. The greatest distance from land 
to land, as they proceed eastward, would be from Samoa to the Hervey poup, 
about 706 miles, which has been successfully traversed by natives in their fragile 
barks within the author’s own observation. 


SQme Traditions of the Hervey Islanders. By the Eev. W. WrAiT Gill, B,A, 

The classical word in the dialect of the Hervey group for nether-world ” is 

Avaiki.” The universe is conceived of as the hollow of a vast cocoa-nut shell, in 
the interior of which are many lands, the abode of gods and unhappy ghosts. Near 
the top of this vast shell, on the outside, are located their ialana homes. Rising 
one above another into immensity are at least ten separate heavens. Origin- 
ally mankind and the natives of Avaiki interchanged visits through the opening 
at the top, which is now closed on account of the ceaseless depredations of the 
fairies. 

The esoteric doctrine of the priests was, that souls leave the body ere breath has 
quite gone, and travel on to the edge of a cliff facing the setting sun. A large 
wave now approaches the base of the cliff, and a gigantic bua-tree covered wiui 
fragrant blossoms springs up from Avaiki to receive on its limbs human spirits, 
who are mysteriously impelled to cluster on its far-spreading branches. When at 
length the mystic tree is covered with ghosts it goes down with its living freight 
to nether-world. These unhappy ghosts are caught in a net, nearly drowned in a 
neighbouring stream, and then emptied out, shivering and terrified, in the presence 
of ugly Mim, mistress of the invisible world. Each newcomer to the snades is 
lured to drink a bowl of ^^kava’’ (Piper mythisticum), becomes stupified, and is then 
cooked and eaten by the hag Miru and her companions. 

' Such was believed to be the inevitable fate of cowards and of aU who died a 
natural death. A nobler fate awaited warrior-spirits ^ their pleasant home was in 
the azure sky. In the month of August, when the coral-tree is in blossom, they 
assemble at the edge of a cliff overlooking the marae of the war-god. A mountain 
now springs up at their feet j the road to its summit is built of the clubs, spears, and 
stones witn wiiich they met their fate. They ascend with pleasure, and from the 
tern leap into the expanse, where they float about as specks. Covered with garlands 
or sweet-scented flowei^, they spend their time in dancing the ww-dance ai^d i^ 
reciting over and over again the brave deeds' performed in Iffii. 
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The practical result of this fidth was to breed contempt fbr violent deaths and to 
nourish a race of warriors who (Uke ourselves) despised bush-fighting. 


On the Beoent Discovery of a Stone Implement in the BricJc^earth of Eriihi 
Kent*. By Dr, J. H. Glaj)stone, F.E.S. 

The implement exhibited was a flint flake of very regular form, 5 J inches long 
and 2 inches broad, notched at the edges apparently rrom use. It had a small fossu 
KchintM at the broader end. It was picked up in the brick-earth pits at Erith, in 
the ancient valley of the Thames ; but as it was found among the flints and other 
rubbish thrown aside by the workmen, it is impossible to say whether it came from 
the same beds that furnish the remains of the mammoth, rhinoceros, lion, kc,, or 
from some higher and more recent stratum. 


] The Weddas of Geylon. 

By Bebtkah F. Habtshoene, of the Ceylon Civil Service. 

The writer, after briefly referring to the accounts given by previous authors of 
this remarkable race, detafled the results of his personm observation of their habits, 
physiology, and language, dividing the whole tribe into the two closes of I ungle 
Weddas and Village W^daa. The former have retained more distinctly than tne 
latter the essential characteristics of their autochthonous condition, still depending 
for their chief means of subsistence upon their bows and arrows, and passing their 
lives in the vast forests in the eastern part of Ceylon without any dwelling-places 
or ^stem of cultivation. 

Imeir skill in the use of the bow and the strength of their left arm was to be 
noticed, as well as the absence of any stone or flint implements among them. The 
influence of the civilized Tamil and Sinhalese races contiguous to the district which 
they inhabit has only in a very slight degree made itself felt ; and their state of 
barbarism is indicated by the practice of producing fire by means of rubbing two 
sticto together, as well as by an almost entire absence of clothing, and the custom 
which they observe of habitually refraining from any sort of ablution whatever. 

The copies of photographs exnibited showed them to possess features of no unin- 
telligent type ; but they wear an expression of extreme unhappiness, and one of their 
chiei peculiarities is that they never laugh. It is probable that this circumstance 
is due to psychological causes rather than to any physical conformation. 

Their intellectual capacity is extremely slight, and their power of memory de- 
fective. They are utterly unable to count; nor does their language contain any 
words to denote the numerals ; and it is singular that, whilst their moral notions 
lead them to regard theft; or lying or the striking of another as an inconceivable 
wrong, they are devoid of any form of religion, and also, app^ntly, of aiy religious 
sentiment, except in so far as that may be inferred from their practice oi oflermg a 
sacnflce to the spirit of one of their fellows immediately after his decease, their 
idea of a future state being limited to the belief that thw become devils after 
(ieath, not, however, in the sense of the Buddhist theory of metempsychosis, but 
simply as one final and irresistible transformation. 

The analysis of their language and of their songs or folk-lore was reserved by the 
author for a subsequent occasion ; but he observed that their vocabula^ largely 
consisted of words derived directly from the Sinhalese, and others indicated an 
aflinity with Pali and Sanskrit, whilst there remained a considerable residue of 
doubd^ origin. There is, however, an absence of any distinctly Dravidian ele- 
ment, and the language appears to bear no resemblance to that spoken by the 
Takkas of Nipal. Tne author, after adverting to the danger of insisting too 
strongly upon the inferences which may be drawn from linguistic evidence in the 
determmation of ethnological questions, drew attention to the inter^ting circum- 
stance that the Weddas are the only savage race in existence speaking an Aryan 


* Bigured and described in the 'Argonaut' fbr September 1875, p. 283, 
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On aw Eihmlogiml and Linguistic Tour of Discovery in Dardisian ^c» 
By Dr. Leitnbb. 


On Anthropology 3 Sociology, and Nationality. By D. Mackintosh, F.Q.S. 

In this paper the author defends his statement of the results of observations in 
England and Wales which have already been given to the world in the * Transac- 
tions of the Ethnological Society ’ (1861), ^ British Association Report ’ (1865), and 
' Anthropological Review ’ (1866). He believes that the inhabitants of different 
parts of England and Wales differ so much in their physical and mental character- 
istics, irrespectively of circumstances, that many tribes must have retained their 
peculiwities since their colonization of the coimtry, by continuing in certain locali- 
ties with little mutual interblending, or through the process of amalgamation fail- 
ing to obliterate the more hardened charactenatics. He describes the character- 
istics of a race he provisionally terms Gaelic, traces the differences between the 
inhabitants of South and North Wales, gives a minute definition of the physical 
and mental peculiarities of Saxons strictly so called (rejecting the term Anglo- 
Saxon as misleading), shows the difference between Saxons and Danes, follows 
Worsaae in believing that the Danes have impressed their character on the inha- 
bitants of the north-eastern half of England, and tries to show that between the 
north-east and south-west the difference in the character of the people, irrespec- 
tively of circumstances, is so great as to give a seminationality to eacn division — 
restless activity, ambition, and commercial speculation predominating in the north- 
east, contentment and leisurely reflection in the south-west. He concludes by a 
reference to the derivation of the original inhabitants of New England from the 
south-west, and mentions the fact that, while a large proportion of New-England 
surnames are still found in Devon and Dorset, there is a small village called Boston 
near Totnes, and in its immediate neighbourhood a place called Bunker’s Hill.” 


Note on the supposed lost Language and Antiquity of the Kirghiz, or Buruts. 

By Robert Michell, F.R,G,8., F.SB., and Member of the Imperial Russian 

Geographical Society, 

This people, which formerly dwelt in the country of the Upper Yenissei, now 
occupies the valleys of the Thian-shan range, where, it seems, still more ancient 
representatives of the race dwelt before those of the Upper Yenissei, driven (in the 
17th century) by the second series of Mongol Altyn Khans, and fins^ by Russian 
Oossaoks, shifted their habitations. But while the Kirghiz of the Thian-shan are 
alluded to by Chinese chroniclers of the 13th century, those of the Yenissei, or 
Ulu-kem river, are spoken of in Chinese chronicles of the 5th century, where it 
would appear, from a casual allusion to Kirghiz slaves among the Tukiu, in the 
narrative of ^marchus’s mission to Disobul, they were at that time a vang[ui8hed 
nationality. By the Chinese these Kirghiz are traced back two centuries n.c, 
Hiese Kirghiz, anciently called Hakas, were overcome by the Tu-kiu or Turks, a 
race quite distinct from the Hakas, who are supposed to be an Aryan people. 
Their language is now Turk, and very few traces of their origin have as yet been 
discovered ; but it is not impossible that philological inquiries may yet lead to a 
discovery of many roots in the languages of the Finns and other tiibes of that 
family of the lost language, the Kirghiz or ancient Hakas. 

Language is often a deceptive guide to the determination of primitive stock. 
Yet it cannot be but that a once numerous and powerful people, at one time speak- 
ing a language of their ovm, have left in those that have superseded it evidences of 
an earlier form of speech. In the lan^age of the Tongouts in Ordos there are 
sounds exactly similar to those uttered by the Finns, Laplanders, Savoyards, &c., 
quite distinct from those in the Turk tongue, albeit these last-named people are 
considered the Turk race. The author considers that a study of the symbols 
which are in common use in the far East in place of written characters would 
probably afford irame assistance on the spot to philological student and serve 
to throw some light upon the past. Joubert, Abel Remuisat, Castrea, and others 
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may be referred to on this subject ; and there are said to be caverns in the Sayan 
mountain-passes where some ancient people deposited their records and relics, 
which have never been found or even searched for from the Russian side of the 
coimtry. It is to be remembered that the so-called Kirghiz of the Steppes of 
North-western Asia have no affinities whatever with the Kirghiz here alluded to. 
These, now nearly all Russian subjects, do not know the name, and are really 
KaisaKs (Cossacks), roaming houseless waifs, pd they are Turks. The Kirghiz 
proper are now few in number, and ^e fast dying out, succumbing to tho Cauca- 
sians, probably the descendants of this very ancient people. 


On the Localities from whence the Gold and Tin of the Ancients were derived. 
By Charles P. Groom Napier, F.G.S., M,A.I. 

The author said tin was known from historic evidence at least 1600 years b.c. 
He quoted Strabo with reference to the Phoenicians carrying on traffic for tin from 
Gades and Bochart, who deduced the term Britain from Bar ah anac^ the land or 
field of tin. From the Phoenician inscriptions recently published in the journals 
of the London Anthropological Societies and Institute, as having been found in 
Brazil and Sumatra, he thought there was an early Phoenician intercourse with 
these countries, and that metals might have been derived from them. Bochart 
thought Ophir might be in Peru. The author thought Ophir was a general name 
for a gold-producing country. He reviewed the various theories with reference to 
the location of Ophir, and mentioned tho leading localities where tho gold of 
antiquity was said by ancient authors to have been procured. 


A new Paragraph in Early English History, 

By Dr. T. Nicholas, if. -4., F.G.S, 

The author brought forward evidence, not before presented, to the effect that 
the letter to Aetius the Roman Consul, ascribed by Gildas to the Britons of 
Britain, and beginning, “ The groans of the Britons,” meant in reality a message to 
the same effect sent to the same consul and in the same year by the Armoricans, 
who were even at that early date (a.i>. 447) often called Britanni, and their 
country Britannia (Bretagne). He quoted, in proof of his position, more especiallv 
from the life of St. Germanus by Oonstantius, found in the ‘Acta Sanctorum'^ 
establishing from this contemporary document the reality of such a message to 
Aetius from the Armoricans in the year of his third Consulship (a.d. 447), the 
date of the pretended letter ” given by Gildas. The coincidence was so striking 
as infallibly to suggest a blunder or a fraud on the part of Gildas, who was writ- 
ing more than a century after the events, and, according to his own confession, 
without the aid of any British documents to supp^ly him with facts, but from 
foreign hearsay and obscure tradition. Whether Gudas was the victim of im- 
posture, or himself played the impostor, and applied to his countrymen the Britons 
what in reality belonged to the Britanni of Armorica, he is in either case equally 
unworthy of credence as an authority in early English histor}^ 


The Archceohgical Discoveries in Rentes Cavern, Torquay, 
By W. Penoellt, F,B,S, 


Note on a recent Notice of Briocham Cavern, By W. Pengbllt, F,R,S, 


On the Works, Manners, and Customs of the Early InhaUtants of the Mendips^ 
By J. S. Phen^, LL,D,y F,S.A, 

In this paper the parallel evidence of various celebrated anthropologists, shown 
in their discoveries, and the arguments deduced from such discoveries by men of 
the highest scientific acquirements, were brought to bear upon the occupants of 
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caverns in the west of Europe, from North Britam to Gibraltar, for the purpose 
of showing a similarity of race in the people occupjring the sea-board of nearly the 
whole of tnat part of Europe bounded by the Atlantic Ocean. The discoveries by 
the author not only agreed with the authorities, but showed reasonable ground 
for supposing that the race of cave occupants known as dolichocephali inhabited 
as far north as some of the extreme portions of North Britain. And as from a 
subsequent oint occupancy it was apparent that an invading force in Britain, pro- 
bably the Cfymry, had possessed themselves of the abodes and dwellings of these 
people, it was probable that the Oymry had occupied territory a ffood deal further 
north than was shown by Mr. Skene and other writers on that subject. It would 
seem, moreover, as a residt, that the occupants of the Mendip Hills would originally 
have been of that race. This being so, the manner and customs of the early 
inhabitants of the Mendip Hills would approximate to those of the dolichocephalic 
occupants of Iberia and other western countries. In all such districts were found 
dolmens and chambered tombs, which appeared to have succeeded as places of in- 
terment, if not of residence (or, as the author considered, of both), to the natural 
caverns occupied by the earlier generations of this people. The interments, even 
when in connexion with those of the brachycephali, a more powerful and invading 
race, agreed in manner and accompaniments, including coarse pottery, bones of 
animals, and neolithic implements. But a prominent feature, hitherto unnoticed, 
to which the author drew attention, was the construction or arrangement of works 
sepulchral and otherwise in forms and devices simulating animal outlines ; those 
on the Mendips at Blackdown, Priddy, Beacon Batch, and other places, as well as 
those at Beacon hill near Maesbury, consist in each case of a series of mounds 
arranged in studied positions representing very beautiful alternating curves, pre- 
cisely analogous to the positions that would be assumed by vast serpents of similar 
dimensions. The vast, stupendous, and terrible appeared the predominant charac- 
teristic of such devices ; ana it was noticeable that in all cases of such constructions, 
and, so far as he had been able to investigate personally, in all places of such cave 
occupancy also, the artificial emblems followed on some one or other natural simula- 
tion, which had either suggested the idea directly, or led to its adoption in a some- 
what varied form. That tne simulations of animal forms which were to be found 
upon the Mendip Hills, as well as elsewhere along the Atlantic districts, were con- 
structed to represent deities, he thought there could be no doubt ; and as such simu- 
lations appeared to be the result of natural su^estion, he assumed that such natural 
simulations would have been among the previous objects of worship of the people. 


On the Ethnography of the Cimbri. By the Eev. Canon Eawldtsoit, 


Note on the Animal Eemaim found in Cisshury Camp, 
By Professor Eollesion, 


On the ApplicahUity of Historical Evidence to Ethnographical Inquiries, 
By Professor Eolleston, 


On the Physiognomy of the Ear, By Dr. Simms, 


On the Origin of the Maori Facts in Nm Zealand, 

By W. S. W. Yatjx, M,A,, F.B.S, 

The author considered this question under three heads 1. Native IVadition ; 
± Ethnology; 3. Language. 

In the first, he pointed out that there was no reasonable grounds for doubting 
the native traditions, as these had been found uniformly the same in all parts of 
the three islands, and, as in other matters, the people had proved thems^ves to 
be thoroughly trustworthy. 
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In the second, he showed that overwhelming evidence demonstrated that the New- 
Zealanders were one race, the few exceptions noticeable not being of any real 
moment. 

third, he proved by a careftil examination of the chief Polynesian dialects, 
the Maori, the Tonga, the Hawaii ^Sandwich), the Tahiti (Otaheite), and the 
Samoan (^Navigator’s Islands), that all these peoples must once have nad a com- 
mon origin, the difference between the existing aialects being hardly as much as 
between that of Yorkshire and Somersetshire at the present d^, and by no means 
as great as those between the popular dialects of Venice and Naples. The author 
had no doubt that they all came at some remote period from Central Asia — ^in 
other words, were Turanians ; but the route they took, he thought, could not now 
be traced with any certainty. 

0% the Predatory Paces of Asia and Europe ; a Chapter in Morals^ 

By C. SiANiLAND Wake, V.-P,Lji,S, 

Notwithstanding the practice by peoples such as the Afghans, the Bedouins, the 
Slavonians of Southern jEurope, and the ancient peoples of North-western Europe, 
classed together by the author as predatory,” or the right of blood-revenge, such 
peoples are not without certain important moral characteristics. Among all of them 
that right has come to be usu^y given up in return for a compensation, pecuniary 
or otherwise, fixed by arbitration or by the person [injured or his relations. More- 
over, although towards strangers their conduct is governed by no sense of moral 
obligation, yet as between themselves the ordinary rules of the moral law required 
for the internal peace and prosperity of the state are recognized. In genera con- 
duct the predatory peoples show a great superiority over less cultured races. The 
practice of hospitality has become a virtue and a sacred tie of friendship. Marriage 
has ceased to be a matter of mere bargain and sale, and woman has become the 
wife instead of the slave of her husband. The whole character of the predatory 
peoples has, indeed, acquired a higher moral tone. Partly owing to the infiuence 
acquired by woman and her power of moulding the character of ner children, but 
chiefly owing to the recognition of the true position of the father as the head of 
the family, in substitution for the primitive notion of relationship to the clan 
through the mother, the feeling of ** manliness” is developed to a great degree. 
This was noticeable in the character of the ancient Germans and Scandinavians 
no less than in that of the modern predatory peoples of Asia. With them man- 
liness ” springs from an intense seli-consciousness, and it shows its influence in the 
dignity, self-control, and magnanimity for which those peoples are distinguished. 
Those characteristics are accompanied by a sense of personal honour which is essen- 
tial to a true idea of moral obligation ; although moral strength rather than moral 
goodness is the special attribute of the predatory peoples. We see the same thing 
among the ancient Romans, who possessed the quality of manliness ” in a high 
degree. This quality was to them the sum of all morality, to which, indeed, they 
gave the name of virtue,” meaning strength j as applied to conduct. The virtue” 
of the Romans and of the ancient peoples of Europe was thus originally the same 
quality, and it possessed with each the possibility of acquiring a true ethical sense, 


The Cycle of Development, By Hodder M. Wesiropp. 

The object of the author is to trace and bring into prominence the cycle of 
development, an invariable law which, in his opinion, presides over all that has 
growth and process, in man and in nature. All progress and growth is in suc- 
cessive stages, which form a cycle, the stages proceeding in an ascending scale and 
in a descending scale — those in the ascending scale being rise, progress, maturity j 
in the descending, decline, decay, and extinction. 
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GEOGRAPHY. 

Address hj Lieut.-General R. Stra.chet, C7./S. J., President of 

the Section, 

In accordance with the practice followed for some years past by the Presidents 
of the Sections of the British Association, I propose, before proceeding with our 
ordinary business, to offer for your consideration some observations relative to the 
branch of knowledge with which this Section is more specially concerned. 

My predecessors in this Chair have, in their opening addresses, viewed Geo- 
graphy in many various lights. Some have drawn attention to recent geographical 
discoveries of interest, or to the gradual progress of ffeographical knowledge over 
the earth generally, or in particular regions. Others nave spoken of the value of 
geographical knowledge in the ordinary affairs of men, or in some of the special 
branches of those affairs, and of the means of extending such knowledge. Other 
addresses again have dwelt on the practical influence produced by the geographical 
features ana conditions of the various parts of the earth on the past history and 
present state of the several sections of the human race, the formation of kingdoms, 
the growth of industry and commerce, and the spread of civilization. 

The judicious character of that part of our organization which leads to yearly 
changes among those who preside over our meetings, and does not attempt authorita- 
tively to prescribe the direction of our discussions, will no doubt be generally recog- 
nized. It has the obvious advantage, amongst others, of ensuring that none of the 
multifarious claims to attention of the several branches of science shall be made 
unduly prominent, and of giving opportunity for viewing the subjects which from 
time to time come before the Association in fresh aspects by various minds. 

Following, Ihen, a somewhat different path from those who have gone before 
me in treating of Geography, I propose to speak of the physical causes which have 
impressed on our planet the present outlines and forms of its surface, have brought 
about its present conditions of climate, and have led to the development and distri- 
bution of the living beings found upon it.^ 

In selecting this subject for my opening remarks, I have been not a little in- 
fluenced by a consideration of the present state of geographical knowledge, and of 
the probable fliture of geographical investigation. It is plain that the field for 
mere topographical exploration is already greatly limited, and that it is continually 
becoming more restricted. Although no doubt much remains to be done in 
obtaining detailed maps of large tracts of the earth’s surface, yet there is but com- 
paratively a veiT small area with the essential featiues of which we are not now fairly 
well acquainted. Day by day our maps become more complete, and with our greatly 
improved means of communication the knowledge of distant countries is constantly 
enlarged and more widely diffused. Somewhat m the same proportion the demands 
for more exact information become more pressing. The necessary consequence is 
an increased tendency to give to geographical investigations a more strictly scien- 
tific direction. In proof of this I may instance the fact that the two Britisn naval 
expeditions now being carried on, that of the Challenger and that of the Arctic 
seas, have been organized almost entirely for general scientific research, and com- 
paratively little for topographical discovery. Narratives of travels, which not many 
years ago might have been accepted as valuable contributions to our then less 
perfect Knowledge, would now perhaps be regarded as superficial and insufficient. 
In short the standard of knowledge of travellers and writers on Geography must 
be raised to meet the increased requirements of the time. 

Other influences are at work tending to the same result. The great advance made 
in all branches of natural science limits more and more closely the facilities for 
original research, and draws the observer of native into more and more special 
studies, while it renders the acquisition by ^y individual of the highest standard 
of knowledge in more than one or two special subjects comparativefy difficult and 
rare. At the same time the mutual interdependence of all natural phenomena daily 
becomes more apparent ; a.nd it is of ever-increasing importance that there shall be 
some among the cultivators of natural knowledge who specially direct their atten- 
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tion to tlie general relations existing among all the forces and phenomena of nature. 
In some important branches of such subjects, it is only through study of the local 
physical conditions of various parts of the earth’s surface and the complicated phe- 
nomena to which they mve rise, that sound conclusions can be estaolished ; and 
this study constitutes Physical or Scientific Geography. It is very necessary to 
bear in mind that a large portion of the phenomena dealt with by the sciences 
of observation relates to the earth as a whole in contradistinction to the substances 
of which it is formed, and can only be correctly appreciated in connexion with the 
terrestrial or geographical conditions of the place where they occur. On the one 
hand therefore, while the proper prosecution of the study of Physical Geography 
re(iuires a sound knowledge of tne researches and conclusions of students in the 
special branches of science, on the other success is not attainable in the special 
branches without suitable apprehension of geographical facts. For these reasons it 
appears to me that the general progress of science will involve the study of Geo- 
graphy in a more scientific spirit, and with a clearer conception of its true function, 
which is that of obtaining accurate notions of the manner in which the forces of 
nature have brought about the varied conditions characterizing the surface of the 
planet which we inhabit. 

In its broadest sense Science is organized knowledge, and its methods consist of 
the observation and classification of the phenomena of which", we become conscious 
through our senses, and the investigation of the causes of which these are the effects. 
The first step in Geography, as in all other sciences, is the observation and descrip- 
tion of the pnenomena with which it is concerned ; the next is to classify and com- 
pare this empirical collection of facts, and to investigate their antecedent causes. 
It is in the first branch of the study that most progress has been made, and to it 
indeed the notion of Geography is still popularly limited. The other branch is 
commonly spoken of as Physical Geography, but it is more correctly the science 
of Geography. 

The progress of Geography has thus advanced from first rough ideas of relative 
distance between neighbouring places, to correct views of the earth’s form, precise 
determinations of position, and accurate delineations of the surface. The first im- 
pressions of the differences observed between distant countries were at length cor- 
rected by the perception of similarities no less real. The characteristics of the great 
regions of polar cold and equatorial heat, of the sea and land, of the mountains 
and plains, were appreciated ; and the local variations of season and climate, of wind 
and rain, were more or less fully ascertained. Later, the distribution of plants and 
animals, their occurrence in groups of peculiar structure in various regions, and the 
circumstances under which such groups vary from place to place gave rise to fresh 
conceptions. Along with these tacts were observed the peculiarities of the races 
of men — ^their physical form, languages, customs, and history — exhibiting on the 
one hand striking differences in different countries, but on the other often con- 
nected by a strong stamp of similarity over large areas. 

By the gradual accumulation and classification of such knowledge the scientific 
conception of geographical unity and continuity was at length formed, and the con- 
clusion established that while each different part of the earth’s surface has its special 
characteristics, all animate and inanimate natme constitutes one general system, 
and that the particidar features of each region are due to the operation of umvers^ 
laws acting under varying local conditions. It is upon such a conception that is 
now brou^t to bear the doctrine, very generally accepted by the naturalists of our 
own country, that each successive pnase of the earth’s history, for an indefinite 
period of time, has been derived from that which preceded it, under the operation 
of the forces of nature as we now find them ; and that, so far as observation justifies 
the adoption of any conclusions on such subjects, no change has ever taken place in 
those forces or in the properties of matter. This doctrine is commonly spoken of 
as the doctrine of evolution, and it is to its application to Geography that 1 wish to 
direct your attention. 

I desire here to remark that in what I am about to say, I alto^ther leave 
on one side all questions relating to the origin of matter and of the so-called forces of 
nature which ^ve rise to the properties of matter. In the present state of Imow- 
ledge such subjects are, I conceive, Iteyond the legitimate field of physical science, 



182 


ftEBo&T— -1876a 


which is limited to discussions directly arising on facts within the reach of obser- 
vation, or on reasonings based on sucn facts. It is a necessary condition of the 
progress of knowledge that the line between what properly is or is not within the 
rea^ of human intelligence is ill defined, and that opinions will vary as to where it 
should be drawn ; for it is the avowed and successful aim of science to keep this 
line constantly shifting by pushing it forward ; many of the efforts made to do this 
are no doubt founded m error, but all are deserving of respect that are undertaken 
honestly. 

The conception of evolution is essentially that of a passage to the state of 
things which observation shows us to exist now, from some preceding state 
of things. Applied to Geography, that is to say to the present condition of 
the earth as a whole, it leads up to the conclusion that the existing outlines of sea 
and land have been caused by modifications of pre-existing oceans and continents, 
brought about by the operation of forces which are still in action, and which have 
acted from the most remote past of which we can conceive ; that all the successive 
forms of the surface, — the depressions occupied by the waters, and the elevations 
constituting mountain-chains, — are due to these same forces ; that these have been 
set up, first, by the secular loss of heat which accompanied the original cooling of the 
globe, and second, by the annual or daily gain and loss of heat received from 
the sun acting on the matter of which the earth and its atmosphere are composed ; 
that all variations of climate are dependent on differences in the condition of the 
surface ; that the distribution of life on the earth, and the vast varieties of its forms, 
are consequences of contemporaneous or antecedent changes of the forms of the surface 
and climate ; and thus that our planet as we now find it is the result of modifi- 
cations gradually brought about in its successive stages, by the necessary action of 
the matter out of which it has been formed, under the influence of the matter 
which is external to it, 

I shall state briefly the grounds on which these conclusions are based. 

So far as concerns the inorganic JEabric of the earth, that view of its past history 
which is based on the princi^e of the persistence of all the forces of nature, may 
be said to be now universally adopted. This teaches that the almost infinite variety 
of natural phenomena arises from new combinations of old forms of matter, under 
the action of new combinations of old forms of force. Its recognition has, however, 
been comparatively recent, and is in a great measure due to the teachings of that 
eminent geologist, the late Sir Charles Lyell, whom we have lost during the past 
year. 

When we look back by the help of geological science to the more remote past, 
through the epochs immediately preceding our own, we find evidence of marine 
animms — ^whicn lived, were reproduced, and died, — posssessed of organs proving 
that they were under the influence of the heat and li At of the sun ; of seas whose 
waves rose before the winds, breaking down cliffs, and forming beaches of boulders 
and pebbles j of tides and currents spreading out banks of sand and mud. on which 
are left the impress of the ripple of the water, of drops of rain, and of the track of 
animals ; and all these appearances are precisely similar to those we observe at the 
present day as the result of forces which we see actually in operation. Evenr suc- 
cessive stfi^e, as we recede in the past histcny of the earth, teaches the same lesson. 
Tim forces which are now at work, whether in degrading the surface by the action 
of seas, rivers, or ftosts, and in transporting its ftagments into the sea, or in recon^ 
stitutii^ the land by raising beds laid out in the depth of the ocean, are traced by 
similar effects as having continued in action from the earliest times. 

Thus puisdiing back our in<jidrie8 we at last reach the point where the apparent 
cessation of terrestrial conditions such as now exist requires us to consider the 
relation in which our planet stands to other bodies in celestial space ; and vast 
though the gulf he that separates us from these, science has been able to bridge it. 
By means of spectroscopic analysis it has been established that the constituent 
elements of the sun and other heavenly bodies are substantially the same as those 
of the earth. The examination of the meteorites which have fallen on the em*th 
from the interplanetary spaces shows that they also contain nothing foreign to 
the constituents of the earn. The inference seems legitimate, corroborated as it is 
the manifest physical connexion between the sun and the pknetai^ bodies 
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circulating around it, that the whole solar system is formed of the same descrip- 
tions of matter, and subject to the same general physical laws. These conclu- 
sions further support the supposition that the earth and other planets have been 
formed by the aj^gregation oi matter once diffused in space around the sun j that 
the first consequence of this aggregation was to develop intense heat in the con- 
solidating masses j that the heat thus generated in the terrestrial sphere w^ 
subsequently lost by radiation ; and that the surface cooled and became a solid 
crust, leaving a central nucleus of much higher temperature within. The eaith’s 
surface appears now to have reached a temperature which is virtually fixed, and 
on which the gain of heat from the sun is, on the whole, just compensated by the 
loss by radiation into surrounding space. 

Such a conception of the earliest stage of the earth’s existence is commonly 
accepted, as in accordance with observed facts. It leads to the conclusion that the 
hollows on the surface of the globe occupied by the ocean, and the great areas of 
dry land, were original irregularities of form caused by unequal contraction ; and 
that the mountains were corrugations, often accompanied by ruptures, caused by 
the strains developed in the external crust by the force of central attraction exerted 
during cooling, and were not due to forces directly acting upwards generated in 
the interior by gases or otherwise. It has recently been very ably ai’gued by Mr. 
Mallet that the phenomena of volcanic heat are likewise consequences of extreme 
pressures in the external crust, set up in a similar manner, and are not derived from 
the central heated nucleus. 

There may be some difficulty in conceiving how forces can have been thus 
developed sufficient to have produced the gigantic changes which have occurred 
in the distribution of land and water over immense areas, and m the elevation 
of the bottoms of former seas so that they now form the summits of the highest 
mountains, and to have effected such changes 'within the very latest geological 
epoch. These difficulties in great measure arise from not employing correct 
standards of space and time in relation to the phenomena. Vast though the greatest 
heights of our mountains and depths of our seas may be, and enormous though 
the masses which have been put into motion, when viewed according to a human 
standard, they are insignificant in relation to the globe as a whole. Such heights 
and depths (about 6 miles) on a sphere of 10 feet in diameter would be repre- 
sented on a true scale by elevations and depressions of less than the tenth part of 
an inch, and the average elevation of the whole of the dry land (about 1000 feet) 
above the mean level of the surface would hardly amount to the thickness of an ordi- 
nary sheet of paper. The forces developed by the changes of the temperature of the 
earth as a whole must be proportionate to its dimensions ; and the results of their 
action on the surface in causing elevations, contortions, or disruptions of the strata, 
cannot be commensurable with those produced by forces having the intensities, or 
by strains in bodies of the dimensions, with which our ordinary experience is con- 
versant. 

The difficulty in respect to the vast extent of past time is perhaps less great, the 
conception being one with which most persons are now more or less familiar. But I 
would remind you, that great though the changes in human affairs have been since 
the most remote epochs of which we have records in monuments or history, there 
is nothing to indicate that within this period has occurred any appreciable modifi- 
cation of the main outfines of land and sea, or of the conditions of climate, or of 
the general characters of living creatures ; and that the distance that separates us 
from those days is as nothing when compared to the remoteness of past geolomcal 
No useful approach has yet been made to a numerical estimate of the dura- 
tion even of that portion of geological time which is nearest to us ; and we can sfw 
little more than that the earl’s past history extends over hundreds of thousancu 
or millions of years. 

The solid nucleus of the earth with its atmosphere, as we now find them, may 
thus be regarded as exhibiting the residual phenomena which have resulted on ite 
attuning a condition of practical equilibrium, the more active process ot 
agflremtion having ceased, and the combination of its elements into we various 
aohd, liquid, or gaseous matters found on or near the surface having been completed. 
JDmnng its passage to its present state many wonderful changes must have taken 



184 


REPORT — 1876. 


place, including the condensation of the ocean, which must have long continued in 
a state of ebullition, or bordering on it, suiTonnded by an atmosphere densely 
charged with watery vapour. Apart from the movements in its^ solid crust caused 
by we general cooling and contraction of the earth, the higher temperature 
due to its earlier condition hardly enters directly into any of the considerations 
that arise in connexion with its present climate, or with the changes during past 
time which are of most interest to us ; for the conditions of climate and temperature 
at present, as well as in the period during which the existence of life is indicated 
by the presence of fossil remains, and which have affected the production and distri- 
bution of organized beings, are dependent on other causes, to a consideration of 
which I now proceed. 

The natural phenomena relating to the atmosphere are often extremely 
complicated ana difficult of explanation; and meteorology is the least ad- 
vanced of the branches of physical science. But sufficient is known to indicate, 
without possible doubt, that the primary causes of the great series of pheno- 
mena, included under the general term climate, are the action and reaction of the 
mechanical and chemical forces set in operation by the sun’s heat, varied from 
time to time and from place to place, by the influence of the position of the earth 
in its orbit, of its revolution on its axis, of geographical position, elevation above 
the sea-level, and condition of the surface, and by the great mobility of the 
atmosphere and the ocean. 

The intimate connexion between climate and local geographical conditions is 
everywhere apparent ; nothing is more striking than the great differences between 
neighbouring places where the effective local conditions are not alike, which 
often far surpass the contrasts attending the widest separation possible on the globe. 
Three or four miles of vertical height produce effects almost equal to those of 
transfer from the equator to the poles. The distribution of the great seas and con- 
tinents give rise to periodical winds — the trades and monsoons—which main- 
tain their general characteristics over wide areas, but present almost infinite 
local modifications whether of season, direction, or force. The direction of the coasts 
and their greater or less continuity greatly influence the flow of the currents of the 
ocean ; and these, with the periodical winds, tend on the one hand to equalize the 
temperature of the whole surface of the earth, and on the other to cause surprising 
variations within a limited area. Ranges of mountains, and their position in 
relation to the periodical or rain-bearing winds, are of primary importance in con- 
trolling the movements of the lower strata of the atmosphere, in which, owing to 
the laws of elastic gases, the great moss of the air and watery vapour are concen- 
trated. By their presence they may either constitute a barrier across which no 
rain can pass, or determine the fall of torrents of rain aroimd them. Their absence 
or their unfavourable position, by removing the causes of condensation, may lead to 
■the neighbouring tracts becoming rainless deserts. 

The difficulties that arise in accounting for the phenomena of climate on the 
earth as it now is, are naturally increased when the attempt is made to explain 
what is shown by geological evidence to have happened in past ages. The dis- 
position has not been wanting to get over these last difficulties by invoking supposed 
changes in the sources of terrestrial heat, or in the conditions under which heat has 
been received by the earth, for which there is no justification in fact, in a manner 
similar to that in which violent departures from the observed course of nature have 
been assumed to account for some of the analogous mechanical difficulties. 

Among the most perplexing of such climatm problems are those involved in the 
former extension of glacial action of vario^ sorts over areas which could hardly have 
been subject to it under existing terrestrial and solar conditions ; and in the dis- 
covery, conversely, of indications of far higher temperatures at certain places than 
seems compatible with their high latitudes; ana in the alternations of such 
extreme conditions. The true solution of these questions has apparently been 
found in the recognition of the disturbing effects of the varying eccentricity of the 
earth’s orbit, which, though inappreciable in the comparatively few years to which 
the affidrs of men are limited, become of great importance in the vastly increased 
period brought into consideration when dealing with the history of the earth. The 
changes of eccentricity of the orbit are not of a nature to cause appreciable dffi^rences 
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in the mean temperature either of the eai*th generally or of the two hemispheres ; but 
they may, when combined with changes of the direction of the earth’s axis caused 
by the precession of the eq[uinoxea and nutation, lead to exaggeration of the 
extremes of heat and cold, or to their diminution ; and this would appear to sup- 
ply the means of explaining the observed facts, though doubtless the detailed ap- 
plication of the conception will long continue to give rise to discussions. 

Croll, in his book entitled ^ Climate and Time,’ has recently brought together with 
much research all that can now be said on this subject ; and the general correctness 
of that part of his conclusions which refers to the periodical occurrence of epochs 
of greatly increased winter cold and summer heat in one hemisphere, commned 
with a more equable climate in the other, appears to mo to bo fully established. 

These are the considerations which are held to prove that the inorganic 
structure of the globe through all its successive stages — the earth beneath our 
feet, with its varied surface of land and sea, mountain and plain, and with its at- 
mosphere which distributes heat and moisture over that surface, — has been evolved 
as the necessary result of the original aggregation of matter at some extremely re- 
mote period, and of the subsequent modification of that matter in condition and 
form under the exclusive operation of invariable physical forces. 

From these investigations we carry on the inquiry to the living creatures found 
upon the earth ; what are their relations one to another, and what to the inorganic 
world with which they are associated ? 

This inquiry first directed to the present time, and thence carried backwards as 
far as possible into the past, proves that there is one general system of life, 
vegetable and animal, which is coextensive with the earth as it now is, and as it 
has been in all the successive stages of which we obtain a knowledge by geolo- 
gical research. The phenomena of life, as thus ascertained, are included in the 
organization of living creatures, and their distribution in time and place. The 
common bond that subsists between all vegetables and animals is testified by the 
identity of the ultimate elements of which they are composed. These elements are 
carbon, oxygen, hydrogen, and nitrogen, with a few others in comparatively small 
quantities; the whole of the materials of all living things being found among 
those that compose the inorganic portion of the earth. 

The close rmation existing between the least specialized animals and plants, 
and between these and organic matter not having life, and even with inorganic 
matter, is indicated by the difficulty that arises in determining the nature of the 
distinctions between them. Among the more highly developed members of the two 
great branches of living creatures, the well-lmown similarities of structure observed 
m the various groups indicate a connexion between proximate forms which was 
long seen to be akin to that derived through descent from a common ancestor by 
ordinary generation. 

The facts of distribution show that certain forms are associated in certain 
areas, and that as we pass from one such area to another the forms of life 
change also. The general assemblages of living creatures in neighbouring countries 
easily accessible to oue another, and having similar climates, resemble one 
anotner j and much in the same way, as the distance between areas increases, or 
their mutual accessibility diminishes, or the conditions of climate differ, the like- 
ness of the forms within them becomes continually less apnarent. The plants and 
animals existing at any time in any locality tend constantly to diffuse tnemselves 
around that local centre, this tendency being controlled by the conditions of 
climate, &c. of the surrounding area, so that under certain unfavourable conditions 
diffusion ceases. 

The possibilities of life are further seen to be everywhere directly influenced by 
all external conditions, such as those of climate, including temperature, humidity, 
and wind ; of the length of the seasons and days and nights j of the character of 
the surface whether it be land or water, and whether it be covered by vegetation 
or otherwise ; of the nature of the soil ; of the presence of other living creatures, 
and many more. The abundance of forms of life in difierent areas (as distin^shed 
from number of individuals) is also found to vary greatly, and to be related to the 
accessibility of such areas to immigration from without ; to the existence, within 
or near the areas, of localities offering considerable variations of the condi lic ns that 
1875. 14 
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chiefl^r affect life ; and to tlie local climate and conditions being compatible with 
such immigration. 

For the explanation of these and other phenomena of organization and distri- 
bution, the only direct evidence that observation can supply is that derived from 
the mode of propa^tion of creatures now living j and no other mode is Imown 
than that which ttuces place by ordinary generation, through descent from parent 
to offspring. 

It was left for the genius of Darwin to point out how the course of nature 
as it now acts in the reproduction of living creatures, is sufficient for the inter- 
pretation of what had previously been incomprehensible in these matters. He 
showed how propagation by descent operates subject to the occiurence of certain 
small variations in the offspring, and that the preservation of some of these 
varieties to the exclusion of others follows as a necessary consequence when 
the external conditions are more suitable to the preserved forms than to those lost. 
The operation of these causes he called Natural Selection. Prolonged over a ^eat 
extent of time it supplies the long-sought key to the complex system of forms 
either now living on the earth, or the remains of which are found in the fossil 
state^ and explains the relations among them, and the manner in which their 
distribution has taken place in time and space. 

Thus we are brought to the conclusion tnat the directing forces which have been 
efficient in developing the existing forms of life from those which went before 
them, are those same successive external conditions, including both the forms of 
land and sea and the character of the climate, which have already been shown 
to arise from the gradual modification of the material fabric of the globe as it 
slowly attained to its present state. In each succeeding epoch, and in each 
separate locality, the forms preserved and handed on to the future were deter- 
mined by the general conditions of surface at the time and place ; and the 
aggregate of successive sets of conditions over the whole earth’s sm’face has 
determined the entire series of forms which have existed in the past and have 
survived till now. 

As we recede from the present into the past, it necessarily follows, as a 
consequence of the ultimate failure of all evidence as to the conditions of the past, 
that positive testimony of the conformity of the facts with the principle of evo- 
lution gradually diminishes, and at length ceases. In the same way positive evi- 
dence of the continuity of action of all the physical forces of nature eventually fails. 
But inasmuch as the evidence, so far as it can be procured, supports the belief m this 
continuity of action, and as we have no experience of the contrary being possible, 
the only justifiable conclusion is, that the production of life must have been going 
on as we now know it, without any intermission, from the time of its first appear- 
ance on the earth. 

These considerations manifestly afford no sort of clue to the origin of life. They 
01^ serve to take us back to a very remote epoch, when the living creatures 
differed greatly in detail from those of the present time, but had such resem- 
blances to them as to justify the conclusion that the essence of life then was the 
same as now ; and through that epoch into an unknown anterior period, during 
which the possibility of life, as we understand it, began, and from which has 
emerged, in a way that we cannot comprehend, matter with its properties, bound 
together by what we call the elementary physical forces. There seems to be no 
foundation in any observed fact for suggesting that the wonderful property which 
we call life appertains to the combinations of elementary substances in association 
with which it is exclusively found, otherwise than as all other properties appertain 
to the particular forms or combinations of matter with which they are associated. 
It is no more possible to say how originated or operates the tendency of some sorts 
of matter to t^e the form of vapours, or fluids, or solid bodies, in all their various 
shapes, or for the various sorts of matter to attract one another or combing than it 
is to explain the origin in certain forms of matter of the property we call life, or the 
mode of its action. For the present, at least, we must be content to accept such 
facts as the foundation of positive knowledge, and from them to rise to the appre- 
hension of the means by which nature has reached its present state, and is ad- 
vancing into an unknown future. 
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These conceptions of the relations of animal and vegetable forms to the earth 
in its successive stages lead to views of the significance of type (i. e. the general 
ajBtem of structure running through various groups of organized beings) very 
different from those under which it was held to be an indication of some occult 
power directing the successive appearance of living creatures on the earth. In the 
light of evolution, type is nothing more than the direction given to the actual 
development of life by the surface-conditions of the earth, which have supplied the 
forces that controlled the course of the successive generations leading from the past 
to the present. There is no indication of any inherent or pre-arranged disposition 
towarffs the development of life in any particular direction. It would rather 
appear that the actual face of nature is the result of a succession of apparently 
trivial incidents, which by some very slight alteration of local circumstances might 
often, it would seem, have been turned in a different direction. Some otherwise 
unimportant difference in the constitution or sequence of the substrata at any 
locality might have determined the elevation of mountains where a hollow filled 
by the sea was actually formed, and thereby the whole of the climatal and other 
conditions of a large area would have been changed, and an entirely different 
impulse given to the development of life locally, which might have impressed a 
new character on the whole free of nature. 

But further, all that we see or know to have existed upon the earth has been 
controlled to its most minute details by the original constitution of the matter 
which was drawn together to form our planet. The actual character of all in- 
organic substances, as of all living creatures, is only consistent with the actual 
constitution and proportions of the various substances of which the earth is com- 
posed. Other proportions than the actual ones in the constituents of the atmo- 
sphere would have required , an entirely different organization in all air-breathing 
animals, and probably in all plants. With any considerable difference in the quan- 
tity of water either in the sea or distributed as vapour, vast changes in the consti- 
tution of living creatures must have been involved. Without oxygen, ^drogen, 
nitrogen^ or carbon, what we term life would have been impossible. But such 
speculations need not be extended. 

The substances of which the earth is now composed are identical with those of 
which it has always been made up ; so far as is Imown it has lost nothing and has 
gained nothir^, except what has been added in extremely minute quantities by the 
fall of meteorites. All that is or ever has been upon the earth is part of the earth, 
has sprung from the earth, is sustained by the earth, and returns to the earth ; taking 
back thither what it withdrew, making good the materials on which life depends, 
without which it would cease, and which are destined again to enter into new lorms, 
and contribute to the ever onward flow of the great current of existence. 

The progress of knowledge has removed all doubt as to the relation in which the 
human race stands to this great stream of life. It is now established that man 
existed on the earth at a period vastly anterior to any of which we have records in 
history or otherwise. He was the contemporary of many extinct mammalia at a 
time when the outlines of land and sea, and the conditions of climate over large 
parts of the earth, were -wholly different from what they now are, and our race has 
been advancing towards its present condition during a series of ages for the extent 
of which ordinary conceptions of time afford no suitable measure. These facts 
have, in recent years, given a different direction to opinion as to the manner in 
which the great groups of mankind have become distributed over the areas where 
they are now found j and difficulties once considered insuperable become soluble 
when regarded in connexion with those great alterations of the outlines of land 
and sea which are shown to have been going on up to the very latest geoloncal 
periods. The ancient monuments of Egypt, which take us back pernaps 7000 
years from the present time, indicate that wnen they were erected the neighbouring 
countries were m a condition of civilization not very greatly different from that 
which existed when they fell under the dominion of the Romans or Mahomet^ 
hardly 1600 years ago ; and the progress of the population towards that condition 
can hardly be account^ for otherwise than by prolonged padual transformatLons 
going back to times so far distant as to require a geological rather than an historic 
cal standard of reckoning. 

14 * 
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Man, in short, takes his place with the rest of the animate world, in the advan- 
cing front of which he occupies so conspicuous a position. Yet for this position he 
is indebted not to any exclusive powers of his own, but to the wonderful compelling 
forces of nature which have lifted him entirely without his knowledge, and almost 
without his participation, so far above the animals of whom he is still one, though 
the only one able to see or consider what he is. 

For the social habits essential to his progress, which he possessed even in his 
most primitive state, man is without question dependent on his ancestors, as 
he is for his form and other physical peculiarities. In his advance to civiliza- 
tion he was insensibly forced, by the pressure of external circumstances, through 
the more savage condition, in whicn his life was that of the hunter, first 
to pastoral and then to agricultural occupations. The requirements of a popula- 
tion gradually increasing in numbers could only be met by a supply of food 
more regular and more abundant than could be provided by the chase. But 
the possibility of the change from the hunter to the shepherd or herdsman rested on 
the antecedent existence of animals suited to supply man with food, having gre- 
garious habits, and fitted for domestication, such as sheep, goats, and horned cattle ; 
for their support the social grasses were a necessary preliminary, and for the 
growth of these in sutficient abundance land naturally suitable for pasture was re- 
quired. A further evasion of man^s growing difficulty in obtaining sufficient food 
was secured by aid of the cereal grasses, which supplied the means by which agri- 
culture, the outcome of pastoral life, became the chief occupation of more civilized 
generations. Lastly, when these increased facilities for providing food were in turn 
overtaken by the growth of the population, new power to cope with the recurring 
difficulty was gained through the cultivation of mechanical arts and of thought, for 
which the needful leisure was for the first time obtained when the earliest steps of 
civilization had removed the necessity for unremitting search after the means of 
supporting existence. Then was broken down the chief barrier in the way of 
progress, and man was carried forward to the condition in which he now is. 

It is impossible not to recognize that the growth of civilization, by aid of its in- 
struments, pastoral and agricultural industry, was the result of the unconscious 
adoption of defences supplied by what was exterior to man, rather than of any truly 
intelligent steps taken with forethought to attain it ; and in these respects man, 
in his struggle for existence, has not differed from the humbler animals or from plants. 
Neither can the marvellous ultimate growth of his knowledge, and his acquisition 
of the power of applying to his use all that lies without him, be viewed as differing 
in any thing but lorm or degree from the earlier steps in his advance. The needful 
protection against the foes of his constantly increasing race — the legions of hunger 
and disease, infinite in number, ever changing their mode of attack or springing up 
in new shapes — could only be attained by some fresh adaptation of his organization 
to his wants, and this has taken the form of that development of intellect which has 
placed all other creatures at his feet and all the powers of nature in his hand. 

The picture that I have thus attempted to draw presents to us our earth carrying 
with it, or receiving from the sun or other external bodies, as it travels through 
celestial space, all the materials and all the forces by help of which are fashioned 
whatever we see upon it. We may liken it to a great complex living organism, 
having an inert substratum of inorganic matter on which are formed many separate 
orgonSsed centres of life, but all bound up together by a common law of existence, 
each individual part depending on those aroimd it, and on the past condition of the 
whole. Science is tne study of the relations of the several parts of this 
organism one to another, and of the parts to the whole. It is the task of the geo- 
grapher to bring together from all places on the earth’s surface the materials from 
which shall be deduced the scientinc conception of nature. Geography supplies the 
rough blocks wherewith to build up that grand structure towards the completion of 
which science is striving. The traveller, who is the ioumeyman of science, collects 
from all quarters of the earth observations of fact, to be submitted to the research of 
the student, and to provide the necessary means of verifying the inductions obtained 
by study or the hypotheses suggested by it. If, therefore, travellers are to fulfil the 
duties put upon them by the division of scientific labour, they must maintain 
their knowledge of the several branches of science at such a standard as will 
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enable them thorougbly to apprehend what are the present requirements of 
science, and the classes of fact on which fresh observation must be brought to 
bear to secure its advance. Nor does this involve any impracticable course of 
study. Such knowledge as will fit a traveller for usefully participating in the 
progress of science is now placed within the reach of every one. The lustre 
of that energy and self-devotion which characterize the better class of explorers 
will not bo dimmed by joining to it an amount of scientific training which will 
enable them to bring away from distant regions enlarged conceptions of other 
matters besides mere distance and direction. How great is the value to science 
of the observations of travellers endowed with a share of scientific instruction is 
testified by the labours of many living naturalists. In our days this is especially 
true j and I appeal to all who desire to promote the progress of geographical science 
as explorers, to prepare themselves for doing so efiicientl}', while they yet possess 
the vigour and pnysical powers that so much conduce to success in such pursuits. 


On the Physical Qeograjyhy of South Africa^ and Products and Prospects of 
the Cape of Good Hope, By J. C. Bkown, LL,D, 

The contour of South Africa has been likened to an inverted dinner-plate, on 
the rim of which the colonies are situated. It has apparently been iipheayed in 
a mass. Much of it is covered by bushes of no great height ; but differences of 
soil are indicated by other productions. Lignite and coal, copper and gold, rubies 
and diamonds are found in different localities. Forests appear to have been much 
more extensive than now. Com and wine are produced. At present the inhabi- 
tants are to a great extent pastoral ; but this is apparently a temporary and transi- 
tional preparation for agriculture, for which are required moisture, labour, capital, 
skill, and facilities for the transport of agricultural products at moderate expense. 
Labour is being drawn to South Africa by diamonds and gold. Capital is bemg in- 
creased by the investment of money obtained for these \ railways are rapidly extended; 
and much water, which might be secured and utilized, at present escapes to the sea. 


On the late Inundations in France viewed in connexion with Behoisement 
and Qazonnement on the Alps^ Cevennes^ and Pyrenees, employed as 
a means of exiinquishinq and preventinq the Formation of Torrents, Bu 
J. C. Beown, LL,D, 

In 1793 Fabre showed that torrents were attributable to the destruction of forests 
on the mountains. In 1841 Sarell showed that torrents appear and disappear as 
forests were destroyed and reproduced. In 1872 Cezanne showed that this relation 
between forests and floods can be traced from preadamitic times to the present. 

In accordance with these views, in 1860 arrangements were made by tne Govern- 
ment for an expenditure of ten million of francs m planting with trees and bushes 
and herbage mountain ground drained by torrents ; and within ten years torrents 
which were most destructive had become placid perennial streams. The Alpine 
torrents are occasioned in autumn by storms of rain, and in spring hy the melting 
of snow. The late inundations were occasioned by a storm of rain causing a melting 
of snovr, and the substance of both flowing away simultaneously. Had the basins 
drained been covered with forests the flood would have been delayed and warning 
might have been given, and the flood would have been protracted, and it might 
have occurred wimout rising above the level of the river-banks. 

The reboisement of aU the bassin de reception of mountain-torrents has been 
begun. Previous to the war a million of francs a year were being spent upon the 
work. A selection of localities had to be rnade j the propriety of the selection made 
has never been questioned, and the mt^itude of the aisaster which has occurred 
may be considered to justify the expediting of the work at even a greater expendi- 
ture than was incurred duiing the first decade of the operations. 
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On South- African Torrential Floods viewed in connexion with the late Inun- 
dations in the Valley of the Garonne and its AMuences^ and Measures 
adojtted in France to prevent such Floods » By J. C. Brow, LL.D, 

The aridity of South Africa is extreme ; it is attributable primarily to the drain- 
age consequent on upheayal, and secondariljr to evaporation, promoted by the 
destruction of vegetation mainly by fire ; and in so far it is typical of many other 
colonized lands. But withal, as is also the case with many of these, there are 
frequent occasional floods and very destructive inundations. These are occasioned, 
like the autumn torrents in the Alps, by storms of rain. The production of torrents 
by these has in many localities been prevented by planting the basin drained by 
them with trees and shrubs and herbage. The operation of these in producing 
their effect has been ascertained. From this it appears to be reasonable that they 
would be also efficacious in regulating the flow of torrents elsewhere ; and the 
losses of life and property reported as consequences of such inundations, warrant a 
large expenditure as preventive measures, as is incurred in France, to prevent by 
su^ means the occurrence of such inundations ns have lately occurred in the 
valley of the Garonne. 

Bearings of recent Observations on the Doctrine of Oceanic Circulation^ , 
By Dr. W. B. Carpenter, F,BB» 


On Dacotahf North-west America. By Colonel H. B. Carrinoton. 


Journey towards the Outlet of the Nile from the Lake Albert Nyanza. 
By Lieutenant Chippindale. 


On the North-west African Expedition, 

By General Sir Arthur Cotton, R, E. 

There are now thirteen or fourteen expeditions, either actually penetrating 
Central Africa or preparing to start, from five or six different countries j all the 
fruit of Livinptone’s leading. 

Why should a hundred millions of our fellow men be shut out from inter- 
course with the civilized races ? And how could a young man propose to himself a 
more worthy enterprise than Mr. McKenzie has of bringing Timbuctoo within easy 
reach of F^land P 

The testimony of several witnesses seems conclusive as to a great area between 
the Atlas mountains and the Niger being below the level of the sea, and separated 
from it only by a short space. Its extremity near the sea is about 10 miles wide, 
and covered with a crust of salt The tribes of the countiw surrounding this 
depression are stated to be very hospitable and tractable. This direct Ime of 
communication with Timbuctoo was strongly recommended by Mr. Jackson, a 
merchant who resided on the coast many years (60 years ago), and his plans 
were strongly supported by Vasco de Gama and Mr. Willis, formerly Consul at 
Senegambia. 

Such a direct and cheap line of transit would greatly increase the present large 
traffic which is brought from the Mediterranean, the direct line being not only the 
^ortest but the hefuthiest and most free from other difficulties. 

This is the best land-route incomparably; but the great question is, whether the 
inland sea cannot be restored. The nature and extent of the bar at the mouth of 
what is called the Belta, the level and actual area of the depression, the quantify 
of water flowing into i^^ &c., are the points now to be ascertained ; also how 
near shelter for Upping is to he found on the coast. 

* Vide Proc. Boy, Geogr, Soe. vol. xix. no. vii.' (1875). 



TRANSACTIONS 07 THN SECTIONS. 


191 


Another point is the practicability of the Nif^er for navigation. It is now navi- 
gable by steamers for 500 miles, thence to Timouctoo 1000, and above that may be 
navigable for 500 more. 

A complete line of navigation from the Atlantic by the inland sea, a canal to 
the Niger, and down the Niger, in all 2800 miles, womd open the whole region. 

Mr. McKenzie proposes to go first to the coast and ascertain what he can 
without penetrating far, then to return and report to the public, and propose 
for a thorough exploration of the whole lino from the Atlantic to Timbuctoo and 
round to the Bight of Benin. 

There are probably twenty millions of people in North-western Africa, nfany of 
whom would be affected by this enterprise. 

The probable ultimate effects of an inland sea on the surrounding country and 
on South Europe is not the question at present ; but we need information to jus- 
tify us in further investigation. If the area is as great as represented, an immense 
body of water would be required j but while it was filling it would be available 
so far as the water extended. 

The south side of this depression is a fertile and populous country with two large 
towns, dividing the district into three portions of about 800 miles each j so that 
there does not appear any great obstacle to the land carriage. 

The point proposed to be occupied on the coast is at present without any 
inhabitants, being south of the kingdom of Morocco, and there appears nothing in 
the way of our establishing a depot there. 

The establishment of English missions and commercial depots on this line would 
greatly support our operations on the Gold Coast. Both the colonial and foreign 
offices have expressed an interest in the undertaking. 


On the ‘ Challenger^ s ’ Crucial Test of the Wind and Gravitation Theories 
of Oceanic Circulation*, By James Croil, of H.M. Geol, Survey. 

North Atlantic.— Tho researches of the ‘ Challenger ' e^^edition bring to light 
the striking and important fact that the general surface of the North Atlantic, to 
be in equilibrium, must stand at a higher level than that of the ocean at the 
equator. In other words, the surface of the Atlantic is lowest at the equator, and 
rises with a gentle slope to well nigh the latitude of England — a result which proves 
the physical impossibility, in so far as the North Atlantic is concerned, of any 
general interchange of equatorial and polar water due to gravitation. 

In order to establish this point a section was taken of the Mid-Atlantic, north 
and south, across the equator, viz. that section adopted by Dr. Carpenter as the 
one of all others most favoimable to the gravitation tneory 

On looking at this section the author was forcibly struck that, if it was accu- 
rately drawn, the ocean, to be in equilibrium, would require to stand at a higher 
level in the North Atlantic than at the equator. To determine whether such was 
the case or not the temperature-soundings indicated in the section were obtained 
from the Hydrographer of the Admiralty. The following Table (p. 192) ^ves the 
soundings in question at three stations — ^the first (A) at latitude 38° N., the second 
(B) at latitude 23° N., and the third (C) at the equator. 

On confuting the extent to which the three columns A^ B, and C are each 
expanded by heat, according to Muncke’s Table of the expansion of sea-water for 
every deg*ee Fahrenheit, it was found that column B, to be in equilibrium with 
column C (the equatorial column), would require to have its surface stoding 
2 feet 6 inches above the level of column C, and column A fully 3 feet 6 inches 
above that column. In short, there must be a gradual rise from the equator to 
latitude 38° N. of feet. Professor Hubbard’s Table of expansion gives almost 
the same result. Difference in salinity of the columns produces scarcely any 
sensible effect. 

* Published in esctmso in the ‘Philosophical Magazine* for September 1875. 
t Proq. Boy. Geog. Soc, voL xvih. p. ^2. 
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Depth 

in 

fathoms. 

A. 

Lat. 37°54'N. 
Long. 41°44'W. 

B. . 

Lat. 23° 10’ N. 
Long. 38° 42' W. 

c, 

Mean of six temperature- 
soundings near equator. 

Temperature. 

Temperature. 

Depths in fathoms. 

Temperatuer. 


0 

0 


0 

Surface, 

700 

720 

Surface. 

77'9 

100 

63*5 

07*0 

10 

77*2 

200 

60*6 

57*6 

20 

77-1 

300 

600 

52-6 

30 

76*9 

400 

54*8 

47*7 

40 

71-7 

500 

407 

437 

50 

64-0 

600 

41-6 

41*7 

60 

60*4 

700 

40-6 

406 

70 

rm 

800 

381 

39 4 

80 

58*0 

900 

37-8 

39-2 

90 

58*0 

1000 

37*9 

38 3 

100 

55*6 

1100 

37-J 

38*0 

160 

51*0 

1200 

371 

37*6 

200 

46*6 

1300 

37*2 

36*7 

300 

42-2 

1400 

37*1 

36*9 

400 

40-3 

1600 


36*7 

500 

38-9 

2700 

35*2 


600 

392 

2720 

... 

354 

700 

39*0 




800 

39*1 




900 

38*2 




1000 

36*9 




1100 

37*6 




1200 

36*7 




1300 , 

35 8 




1400 

36*4 




1500 

36*1 




Bottom. 

34*7 


It will not do as an objection to assert that, according to the gravitation theory, 
the ocean never attains to a condition of static equilibrium. This is perfectly true, 
as has been shown on former occasions* 5 but then it is the equator that is kept 
below and the poles above the level of equilibrium ; consequently the disturbance 
of equilibrium between the equatorial and polar columns would actually tend to 
make the difference of level between the equator and the Atlantic greater than 
3J feet, and not less, as the objection would imply. 

Another feature of this section irreconcilable with the gravitation theory is the 
fact that the wwm water is all in the North Atlantic, and little or none in the 
South, a condition of things the reverse of what ought to be according to that 
theory. But according to the wind theory of oceanic circulation the explanation 
of the whole phenomena is simple and obvious. Owing to the fact that the S.E. 
trades are stronger than the N.E., and blow constantly over upon the northern 
hemisphere, the warm surface-water of the South Atlantic is (hifted across the 

X ator. It is then carried by the equatorial cui-rent into the Gulf of Mexico, and 
rwards, of course, forms a part of the Gulf-stream. The North Atlantic, on 
the other hand, not only does not lose its surface-heat like the equatorial and South 
Atlantic, but, in addition, receives the enormous amount of heat constantly carried 
into it by the Gulf-stream. And the reason why the warm sur&ce-strata are so 
much thicker in the North Atlantic than in the equatorial regions is perfectly 
obvious. The surface-water at the equator is swent into the Gulf of Mexico by 
the trade-winds and the equatorial current as rapidly as it is heated by the sun, 
so that it has not time to accumulate to any great depth. But all this warm water 
is carried by the Gulf-stream into the North Atlantic, where it accumulates, 

Nor,th Pacific Ocean,~The temperature-soundings made in the U.S.S. ‘ Tusca- 

* ‘ Phil. Mag.’ October 1871 ; * Climate and Time,' Chapter ix. 
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rora ’ show that the North Pacific is much colder than the North Atlantic, and 
that the immense stratum of warm water found in the latter is wanting in the 
North Pacific. But as the North Pacific is almost entirely cut off from the cold 
Arctic basin, its waters, according to the gravitation theory, instead of being 
colder, ought to be much warmer than those of the Atlantic. It is found also 
that the North Pacific is actually warmer at latitude 52° than at latitude 43°, a 
fact also inconsistent with the gravitation theory, but easily explained by the wind 
theory. 

The Southern Ocean . — The thermal condition of the Southern Ocean, as ascertained 
by the ‘ Challenger ’ Expedition, appears also iiTeconcilable with the gravitation 
theory. Between the parallels of latitude 65° 42' S. and 50° 1' S. the ocean, with 
the exception of a thin stratum at the surface heated by the sun’s rays, was found, 
down to the depth of about 200 fathoms, to be several degrees colder than the water 
underneath. But, according to the gravitation theory, the colder water should be 
underneath. 

The very fact of a mass of water 200 fathoms deep, and extending over 16° of 
latitude, remaining above water of 3° or 4° higher temperature, shows how little 
influence difierence of temperature has in producing motion. If it had the potency 
which some attribute to it, one would suppose that this cold stratum should sink 
down and displace the warm water underneath. If difference of density is suffi- 
cient to move the water horizontally, surely it must be more than sufficient to 
cause it to sink vertically. 

Ex]iloration of the Pamir Steppe. By Colonel T. E. Goedon. 


On Journeys in Paraguay in 1874-75. By Keith Johnston. 

This paper* gave a general description of several journeys made in Paraguay 
during 1874-75, specially (1) of a journey through the old Jesuit mission-stations 
of Southern Paraguay bordering on the Parana; (2) of another with the mixed 
commission, marking out the limits between Paraguay and Brazil on the north ; 
(3) in Central Paraguay, during which a running survey was made of the chief 
interior river, the Tebicuary. 

The paper further contained afi account of the hydrography and extent of 
navigation in the rivers of Paraguay j the elevation of the country, especially of the 
northern watershed in connexion with barometric observations made for altitude ; 
then of the population in numbers and race, and the distribution of the several 
tribes of independent Indians; concluding with a summary of the localities pro- 
ducing the Yerba-mat<5 or Paraguay tea, the staple product of the country. 


Report on the Progress of the Arctic Eocpedition and on the Proceedings of 
E.M.S. ‘ Valorous,^ By C. B. Maekham, G.J5., F,R.S. 


Himalayan Glaciers, By Colonel T. G. Montgomeeie, E.E., F.R.S., ^c. 

The author made a brief reference to the general geography of India and 
the Himalayas. He pointed out the very great progress which had been made 
with the geography of Northern India, the Punjab, &c. since 1842, and more espe- 
cially os to the exploration and survey of the Western Himalayas. In order to 
illustrate his paper he exhibited a large map of the Western Himalayas, showing 
the whole of the glaciers and the complete breadth of the Himalayan system from 
the Punjab to the plains of Eastern Turkistan, near Yarkund. The peaks and 
glaciers of this superalpine region were further illustrated by three large coloured 
sketches of portions of the Mustagh and Karakoram mountains, and by a section 
taken right through the mountains, which at this their narrowest part are 4^ miles 
in breadth. He pointed out that the glaciers gradually increased in size from east 
* Vide ‘ Geographical Magazine,* parts 9, 10, 11 (1875). 
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to W6st| reacliii^ their ^oatest development in the Mustagh range, where there 
are several glaciers over 20 miles in len^h, and theBiafo glacier 34 miles in length, 
and a great many from 10 to 20 miles in length. From a glance at the map it 
could Be gathered that these glaciers covered a very large area. Colonel Mont- 
gomerie pointed out what a very important feature they formed in the geography 
of Asia, not only in a scientific point of view, but in a practical one, as they formed 
a vast natural reservoir, which provided an unfailing supply of water in a tropical 
country at a period when it was most wanted — that is, between the spring and the 
fall of the summer rains. 

Colonel Montgomerie pointed out that the Himalayan peaks rose to twice the 
height of those in the Alps, and that the glaciers were more than four times as 
long as those in the Alps, the Mer-de-glace (the longest) being hardly 8 miles in 
len^h, while those in the Himalayas were of all lengths up to 84 miles. 


PrejevahTcy^s Travels in Mongolia and Northern Tibet, 

By E. Delmak Morgan. 

To the north-west of China proper lies a broad belt of hilly sandy deserts, 1400 
miles in extent from east to west, which from the earliest historical times was a 
gathering-ground for the nomads of Inner Asia, whence they could descend on 
the populous but defenceless plains beneath, and pour a wave of conquest and 
desolation over the fertile provinces of the middle kingdom. 

Ill adapted, owing to the poverty of its vegetation, to support a settled popula- 
tion, it nevertheless alFordea a secure retreat to the robber and marauder, and was 
on this account a dangerous country for travellers. The Great Wall, which never 
protected China from her enemies, served to mark the limits beyond which civilized 
man could advance no further ; and if the spirit of the nomad has been subdued 
after so many generations of Chinese sway, his native deserts remain unconquered 
and invincible as in the days when the Great Wall was built. 

The further west the more bleak and desolate is the aspect of nature. The 
Great Wall still continues to define the limits of life and culture on the one side, 
of death and desolation on the other. Inside the northern bend of the Yellow 
River lies the country of Ordos, a sterile region of shifting sands, where many 
legends are still preserved of the great hero Jlnghiz-Khan. To the west of the 
bend of the Yellow River is a region still more bleak and desolate, at one time the 
bed of a large lake ; beyond it are the mountains which enclose the basin of Lake 
Koko-nor, and still further to the west grand snowy ranges and gradual ascents 
towards the uplands of Tibet. These are the regions visited by Colonel Preje- 
valsky, which few Europeans had ventured to penetrate previously. Mai’co Polo 
only devotes four short ch^ters of his first book to their description. Hue and 
Gaoet traversed Southern Mongolia and passed by Koko-nor into Northern Tibet, 
but they gave no accurate geographical information. P^re Armand David visited 
the mountains lying to the north of the gioat bend of the Yellow River, and made 
some interesting botanical researches ; but he would not risk travelling through 
Kansu and Koko-nor, at that time distiubed by the Mahomedan or Dungan insur- 
rection, of which our author gives a vivid description j Ney Elias also travelled 
through a part of the country about the same time. For the rest of our informa- 
tion we are chie% indebted to Chinese records, fragments of which have been 
ooUeoted by Du Halde and Ritter. 

Thus Prqevalsky’s journey may really be termed a geographical feat, and will 
always hold an important place in science j for, besides his remarkable expedition 
from Balai-nor to the Upper Yang-tsze-kiang, which alone would entitle Mm to 
the gratitude of men of science, he also made a march from Alashan to Urga (080 
miles) across the Gobi in its widest part, which no one had Mtherto attempted. 

A recapitulation of all he has done and of the results obtained in the free of 
extraordinary diffietdties would fill several pages; but as an English edition of his 
trav^ will shortly be published, those interested would do well to refer to it. 
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Eospedition from the Lake Tchad to the Ujoper Nile, By Dr. G. Nachtigall. 


On the Turcoman Frontier of Persia, By Capt. the Hoe. G. Napier. 


Exploration of the Aures Mountains, 

By Lieut. -Colonel R. L. Playfair, Consul- General in Algeria, 

This part of Algeria has probably never before been explored by an English 
traveller, although lying close to the ordinary diligence-route between Constantine, 
or rather between Batna and Biskra. 

Ptolemy places here his Audon. Procopius and other geographers speak of it as 
Aurasion or Mom Aurasim ; but these hardly include the entire district now known 
as the Aur^s Mountains, which may roughly be said to occupy the space between 
Batna and Biskra, eastwards towards the Tunisian frontier. 

The inhabitants of this region are called Chawi, and are a branch of the Berber 
nation, to which the Elabyles also belong. 

Colonel Playfair here traced the early history of this part of Numidia, and 
showed how one war of conquest after another hau passed over it, and always with 
the same effect j the conquerors in their turn became the conquered, and were 
driven for safety to the mountains. Thus the Romans, when driven out by the 
Vandals, the Vandals after their defeat by the Byzantines under Behsarius, and 
the Byzantines when finally conquered by the Mahommedans — all sought and found 
a refuge in the Aur^s Mountains, where they have left on the Chawi the imprint 
of their physical and moral character which fourteen centuries have not been able 
to obliterate. Light hair and blue eyes are frequently met with, and the average 
of female beauty is even higher than it is in England. 

They observe the 25th of December as a feast, under the name of Moolidy or the 
birth, and keep three days^ festival at springtime and harvest. Their language is 
full of Latin words j and they use the ordinary solar instead of the Mohammedan 
lunar year, the names of the months being almost identical with our own. 

The Aur^s range is a series of mountains running roughly parallel from N.E. to 
S.W., between which flow considerable rivers, of which advantage is taken with 
great skill to irrigate the valleys between them. 

The great body of the drainage is from the southern side, where the rivers, after 
losing a part of their volume in irrigation, flow into the great marshy basin of 
Melgnir. 

The most important of these is the Oued Abdi, the hills on either side of which 
terminate in tne two highest peaks in Algeria, Djebel Chellia on the left and 
Djebel Mahmel on the right j the former 7611 feet high, the latter scarcely lower. 

In the plains and vafleys considerable quantities of cereals are produced, and 
fruit cultivated to a great extent. 

The inhabitants, unlike the Arabs, dwell in stone houses ; the villages are perched 
high up on the sides of the hills, at short distances apart on both sides of the 
river ; and the houses are generally so disposed that the roof of one is on a level 
with the floor of that above it, to which it actually forms a terrace. 

The forests in the Aures are very valuable, ana have hardly yet been worked ; 
they consist of cedar, oak, juniper, Aleppo pine, &c. j but it is sad to observe here, 
as almost everywhere else in Algeria, tne scarcity of young trees, which are de- 
stroyed by the sheen and goats almost as soon as the seed germinates, and the 
destruction of the ola ones colonies of processional caterpillars, which establish 
their nests in the upper branches, and destroy all vegetable life as their ravages 
descend. 

The mineral wealth of the AurSs is also veiy great, though hardly as yet more 
than suspected ; in some places abundant indices of copper, lead, and iron were 
met with, and in one place what will no doubt prove a valuable mine, of mercury 
and Icftd* 

One can hardly ride a mile in the Aur^ wi^out meeting Roman remains of 
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considerable importance, all testifying to the high state of civilization which 
existed wherever this great people founded colonies. 

But it is principalfy on their northern slopes and in the plains at their base 
that those sjuendid cities existed, the ruins of which now excite the wonder and 
admiration of modern travellers. Bruce visited them a century ago, and made a 
large number of exquisite drawings of the principal architectural leatures. These 
are now in the possession of his descendant Lady Thurlow, by whose permission 
two of his original sketches were exhibited. 

Commencing from Lambessa, a complete chain of these cities extended as far as 
Tebessa, their order from west to east teing as follows : — 

Lambees (mod. Lamhes&a)^ Verecunda (mod. Markmma)^ Thamugas (mod. 
Timegad ) , Mascula (mod. Ain Khenchla), Baghaia (mod. Kast Baghai), and Theveste 
(mod. Tebessa), 

The first two of these are well known to travellers. Thamugas was described by 
Colonel Playfair in considerable detail. It contains numerous magnificent ruins, 
the principal of which are a triumphal arch, theatre, forum, capitol, a Byzantine 
fortress, and a Christian church. The whole surface of the groimd is covered with 
fragments of sculptmn and inscriptions, many of the latter quite entire, which 
prove that the city was founded by Hadrian, and colonized by the veterans of the 
30th legion Ulpia after its return from the Parthian war. 

Not lar from Timegad is the fertile plain of Firis, on the west and south of 
which are two mountains covered with countless numbers of the most interesting 
megalithic remains. Their variety is considerable j but the most ordinary type is 
that of a low circular structure, nearly level with the earth at the upper part of 
its base, and varying in height on the opposite side, according to the slope of the 
hill, from 3 to 8 feet. The walls are of rough dry masonry, generally about 6 feet 
thick ; the diameter is from 15 to 30 feet ; and each contams a central chamber of 
irregular shape covered with a single slab of stone. In some places the monuments 
are close together ; in others they are separated by a number of tombs of the ordi- 
nary dolmenic type, as if the latter were intended for people of less consideration 
than those for whom the circular ones were constructed. 

The next city is Mascula, now Ain Khenchla, where an attempt has been made 
at European colonization. The position is well chosen from a sanitary and stra- 
tegic point of view, but it is rather distant from any place where produce can be 
sold. 

The ruins of KastBaghai are also interesting; they are close to the diligence- 
route from Khenchla to Ain Beida, From the latter place to Tebessa is a day’s 
journey, and here are to bo found the finest Roman ruins in the colony. These 
consist of the ancient citadel restored by Solomon, the successor of Belisarius, who 
lost his life hero. The modern city is built within it ; there is a temple of Jupiter 
neai'ly complete, a magnificent juadrifrontal triumphal arch, and the ruins of a 
basilica, subsequently converted into a Christian church. 


On the Physical Geography of that part of the Atlantic which lies between 
20° N. and 10° S. and extends from 10° to 40° W. By Captain H. 
Totebee, F,li,A,S,, F.B,0,S,, ^c., Marine Superintendent of the Meteoro^ 
logical Office, 

The paper was accompanied by monthly diagrams, which showed : — 
let. The isobaric lines of mean pressure for each *05 of an inch, together with 
arrows showing the prevailing winds and their force. 

2nd. The isothermal lines for every second degree of air-temperature. 

8rd. The isothermal lines for every second degree of sea-temperature, together 
with arrows showing the prevailing currents and their speed in 24 hours. 

The author called attention to important facts relating to atmospheric pressure, 
temperature, wind, currents^ weather, sea, clouds, natural history, earthquakes, &c. 

Tne diagrams may be said to pve the navigator a monthly picture of the dol- 
drums, clearly showing him how in some months they are wedge-shaped (as re- 
marked by the late Commodore Maury), and enabling nim to select the best route 
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across the equator. They illustrate the action of both air and water when meeting, 
as is constemtly the case with the two trade-winds, and the currents which they pro- 
duce, showing also how the air as well as water seems to eddy round a point of land 
from which the main stream is running. 

They also illustrate some very sudden changes of temperature in both air and 
sea, for which the paper endeavours to account. 

The paper also gives the specific gravity of the currents due to the N.E. and S.E. 
trades, as well as that of tlie Guinea current, which indicates that the latter is a 
surface back-drift above a colder current. 

The district is the birthplace of many West-Indian hurricanes ; and the place in 
which one originated was pointed out on the diagram for August, it having been 
afterwards traced to the island of St. Thomas. Besides many other allusions to 
remarkable and unsettled weather, the paper tells of five earthquakes which were 
experienced by ships in the district, two in 0® 80' N. and 30° W., three in 1° S. 
and 20° W. 

In the course of the paper frequent allusion was made to swells of the sea which 
had overrun by many hundreds of miles the winter gales which caused them, and 
seemed to be related to the rollers experienced at Ascension, 8t. Helena, and the 
West Coast of Africa. 

The motion of upper clouds in relation to the direction of the winds was fre- 
quently remarked upon, their motion showing that the wind of one trade passed 
above that of the other at their equatorial verge ; and, again, that above the south- 
westerly monsoon, which blows to the northward of the equator in certain months, 
the clouds very frequently move from the S.E. near the equator, and from the 
N.E. when further to the north. 

Several allusions were made to the red dust which falls on ships at certain 
seasons, and to the cetacea, land and sea-birds, fish, and insects met with. 

The whole paper may be said to bo a rhume of a largo work about to be published 
by the Meteorological Oflice, which is under the superintendence of the Meteoro- 
logical Committee of the Royal Society, and is published in extenso as a non-official 
paper by that Office, 


Changes in the Course of the Cams* By Major Herbert Wood. 


Trade-Routes to Western China, By Colonel Yule, C,B. 


ECONOMIC SCIENCE AND STATISTICS. 

Address hy James Hbywood, M,A,, F.R»8», F,0,S., Pres, Statistical Society, 
President of the Section, 

Having had the advantage of a school education in Bristol, I have noticed with 
interest, in subsequent years, the gradual development of this great city, and of its 
populous neighbour, Clifton ; and I trust that the second visit of the British Asso- 
ciation will be productive of benefit to your important district. 

Railway communication, free trade, and the reduction of dock-dues have aided 
in increasing the commerce of this locality. Additional facilities for ocean steam- 
traffic will be afforded by the new docks alomst completed at the mouth of the 
river Avon j and fresh storage-room for timber, both by land and water, may also be 
expected in the same vicinity. 

As an example of the utility of a free port, it may be mentioned that large sup- 
plies of grain arrive here in screw iron ships from the Black Sea and the Mediterra- 
nean. For barley, used for grinding, Bristol has now become the first provincial 
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market in the enmire. Tke importe of Messrs. Wait and James amounted, in 1874, 
to between 400,000 and 600,000 quarters of com ; and in one year (1874-76) 
8,490,000 bushels of grain were landed in Bristol from foreign ports. The portion 
of England which may be supplied with grain from Bristol as a centre, extends in 
some airections for lOO miles. 

Sugar-refining forms one of the ancient branches of industry both in Bristol and 
elsewhere; its extent may be appreciated* from the establishment of Messrs. Finzel 
in this city, where 1200 tons of refined sugar can be turned out in a week. 

French fiscal arrangements, however, are not favourable at the present time to 
the augmentation of British sugar-refineries ; and the subject merits the attention of 
Members of the Economic Section. 

Part of the French revenue is derived from taxes on spirits, salt, and sugar con- 
sumed in France. The dutv levied in France on sugar, according to the •Times’ of 
the 28th July, 1876, when the sugar is sold for home consumption, equals in amount 
the value of the sugar. 

A sugar is prepared by the French beet-root sugar-makers, looking as if it only 
contained 80 per cent, of saccharine matter in a given bulk or weight, whilst the 
sugar really contains 90 per cent, of saccharine matter. The raw sugar is assessed 
at a quality 10 per cent. Delow the real standard ; and the French sugar-refiner is 
debited with a duty according to that assessment, and which is not paid. 

When the sugar is exported, the actual quality of the sugar is taken, the draw- 
back is set against the duty, and the refiner is paid the duty thus shown to be due 
to him. 


A memorial issued by London sugar refiners shows that in 1873 the quantity of 

French refined sugar really produced was at least kilos. 1/4,869,000 

and the ** legal ” equivalent of the refined sugar exported was. . „ 163,186,000 

giving an excess over the legal ” quantity of ,, 21,674,000 

or about cwts. 413,000 


In 1874 the excess over the <4egal” equivalent of the refined sugar rose to 
25,413,000 kilos., or about 498,000 cwts. 


In 1873 the duty on that excess was francs 16,891,000 

and in 1874 „ 18,636,000 

showing an increase of „ 2,746,000 

or about £110,000 sterling. 


If to this duty on excess, or bounty, amounting in 1874 to 18,800,000 francs per 
annum, be added the bounty derived from other sources, such as the d^taxe ” on 
poudres blanches,” the total amount of bounty will be easily raised beyond 
2(1,000,000 francs for sugar. 

In English money 18,000,000 francs are equal to £720,000, paid b^ the French 
tax-payer to the hrench sugar-refiner, and with this result: the Trench sugar- 
refiner can sell refined sugar in a foreign market, such as England, below cost 


From the ^ Statistical Abstract ’ it appears that the import of foreign refined 

sugar and sugar-candy into Great Britain in 1871 was cwt. 1,460,102 

and that it had increased, in 1874, to „ 2,717,406 

The cheapness of refined sugar in Great Britain has augmented the average of 
consumption from 1 Ih. a head in 1860 to 8^ lbs. a head in 1874. 

Great Britain possesses commercial friends in France among the vine-growers of 
Bordeaux and Champagne, and the silk-manufacturers of Lyons. These great 
industries derive no profit either from a heavy tax on sugar consumed in France, 
or from a bounty enabling a French sugar-renner to sell sugar in England below 
cost price. The occasion seems favourable for a remonstrance with the French 
Government, and for a conference with leading French statesmen connected with 
interests independent of beet-root sugar. 

Beet-root grows admirably in England ; and the British sugar-refiner may con- 
aider the question of extending in tliis country a valuable product of home agri- 
culture. 


To conduct a negotiation with France, a knowledge of the French langua^ 
will be lewisite tor the Commissioners, whether appointed by private individuim 
or by the British Goyemment. 
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It is gratifying to notice that in a recent revision of Bristol charities under the 
Endowed Schools' Commission^ French has a place among educational requirements. 
Thus, in Queen Elizabeth’s Hospital, now a boarding-school for 160 boys, after the 
entrance examination, which comprises reading, easy narrative, writing text-hand, 
and the first two rules of arithmetic, a scheme of school instruction is given, con- 
taining history and geography, as well as English grammar, composition, and lite- 
rature, the elements of mathematics and natural science, the elements of French or 
Latin, or both, drawing and class-singing. 

A similar entrance examination is arranged for admission into the Red Maids’ 
Boarding-school for eighty girls, in Bristol, the income of which amounts to £4378 
a year. In this School, instruction is given to girls in history and geography, 
English grammar, com^sition, and literature, the elements of mathematics ana 
natural science, and of French or Latin, or both, drawing and class-singing, do- 
mestic economy, and the laws of health, needlework, and (if the Governors think 
fit) telegraphy, or some other branch of science having a bearing on skilled industry 
suitable for women. 

The examination for admission to the Grammar School is to be graduated accord- 
ing to the age of the Candidate, and is never to fall below the following standai’d — 
that is to say, reading, writing from dictation, the first two rules of arithmetic, and 
the outlines of the geography of England. 

The subjects of secular instruction in the Grammar School are to be as follows ; — 
the Latin and Greek languages and literatures j the English language and litera-^ 
ture ; arithmetic and mathematics ; history and geography j natural science and, in 
particular, applied mechanics, chemistry, and experimental physics j French and 
German ; drawing ; class singing. 

An annual income of £1793 belongs h) the Bristol Grammar School ; and to this 
institution, as well as to Queen Elizabeth’s Hospital and the Red Maids’ School 
(all three oeing under the Bristol Municipal Charity Trustees), an augmentation 
has been arranged from various non-educational charities converted into educational 
endowments, of a capital sum of £14,600. 

New buil^gs for 400 scholars are to be erected for the Grammar School, inclu- 
ding a day- and boarding-school. 

Colston’s Hospital is a boarding-school for 100 boys, into which no boy is to be 
admitted under tne age of ten years ; and the scholars are not to remain after they 
ore fifteen years of age. The examination for the admission of paying scholars 
comprises reading easy narrative, writing text-hand, and easy sums in the first two 
rules of arithmetic, and the multiplication-table. The Governors may raise the 
minimum standard from time to time if they deem it advantageous for the School 
to do so. ^ 

The subjects of secular instruction in Colston’s boarding-school are arranged as 
follows; — treading and spelling, writing, arithmetic, and elementary mathematics; 
English grammar, composition, and literature ; French or Latin, or both ; the out- 
lines of history ; geography, political and physical ; natural science ; drawing and 
vocal music. 

There will be two classes of scholars, foundationers and paying scholars. The 
foundationers in the boarding-school must have attended an elementary school 
regularly for a year preceding their application. They will be elected in order of 
merit, as tested in competitive examination for boys between ten and eleven years 
of age in the subjects of Standard IV. (Code 1876), as follows : — 


To read with intelligence a few lines of poetry selected by the Inspector, and 
to recite from memory fifty lines of poetry. 

To write eight lines slowly dictated once from a reading-book, and to show 
copy-books in improved small hand. 

Compound rules of arithmetic (common weights and measures).” 


A note is appended to the table of standards of examination in the new code of 
regulations, according to the * Minute of the Committee of Council on Education,’ 
5tn April, 1876, respecting the 4th Standard, that the weights and measures ” 
taught in public elementary schools should be Avoirdupois weight, long meaitire, 



200 


KEPOET — 1875 . 


liquid meaBures, time-table, square and cubical measures, and any measure connected 
with the industrial occupation of the district. 

Bristol, from its geographical position, seems especially adapted for trade with 
the western part of the continent of Europe, where the metric system of weights 
and measures is now universally in use. Through various treaties of commerce 
British trade is rapidly increasing with countries employing that simple and 
easy mode of calculating measm’es and weights ; and as a permissive Act of Par- 
liament of 18G4 sanctions the metric system in Great Britain and Ireland, it may 
be expedient for the Governors of Colston’s boarding-school to consider if some 
knowledge of the tables of metric weights and measures may not be desirable for 
the foundationers of that venerable institution. 

The competitive examination in Colston’s boarding-school is arranged in the 
subjects of Standard V. of the Educational Code for hoys between eleven and twelve 
years of age, as follows 

Improved reading j and recitation of not less than seventy-five lines of 
poetry. 

Writing from memory the substance of a short story read out twice. Spell- 
ing, grammar, and handwriting to be considered. 

Practice, bills of parcels, and simple proportion.” 

. The examination for admission to Colston’s Girls’ School is not to fall below the 
minimum standard for admission to Colston’s Hospital. 

The subjects of secular instruction are to be as follows {—Reading and spoiling, 
writing, arithmetic or elementary mathematics; English graniiiiar, composition, 
and literature; French or Latin, or both; the outlines of history; geography, 
political and physical; drawing and vocal music; household management; the 
laws of health ; and needlework. 

Besides the endowed schools of Bristol, Clifton College, in the immediate neigh- 
bourhood, founded in 1861, comprises 600 boys, in addition to whom there are 
46 boys in the preparatory school of that College. 

As soon as the boys of Clifton College reach the fifth form, they can enter either 
on the Classical or on the Modem side ; but those who are not in the College are 
required to pass a preliminary examination. 

In Clifton College instruction is given to boys intended for the Royal Military 
Academy, Woolwich, or the Indian Civil Engineering College, Cooper’s Hill, or 
the profession of Civil Engineering ; and a ^stem of education is carried on suitable 
for students intended for either Oxford or Cambridge. 

The Cathedral of Bristol assists in the establishment of a training College for 
the education of superior teachers ; and for this institution the Ecclesiastical Com- 
missioners provide a capital sum of £12,000. 

An entrance examination is arranged for admission into the Training College, 
comprising English grammar and composition, arithmetic, geography, and English 
history. Afterwards another examination is held, in which each Candidate is ex- 
pected to pass in at least two of the following subjects ; — 

Divinity, English literature, Latin, one modem language, mathematics, and 

one branch of natural science. 

No student is to be admitted until he has attained the age of 17 years. 

Candidates may, if the Governors think fit, be admitted into the College without 
passing the examination for admission, if they are graduates of any university in 
the United Kingdom, or if they have passed the semor local examination of either 
of the Universities or Oxford or Cambridge, or the Matriculation Examination of 
the University of London, or if they are holders of any scholarship or exhibition 
which may be deemed by the Governors an adequate qualification. 

The course of general instruction in the Training College has for its main object 
to illustrate methods of teaching, and the science and history of education, and to 
qualify the Students to become skilled teachers in higher schools. The course 
indudeEH- 
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Lectures on the art of teaching ; 

Model lessons given to classes of scholars in the presence of Students ; 

Lessons, from time to time, given by Students to classes of scholars in the pre- 
sence of the Principal or an Assistant Teacher, and under his tuition. 

Once in every ^ear there is an examination of the Students by an Examiner, or 
Examiners, appointed for that purpose by the Governors, and paid by them, but 
otherwise unconnected with the College. The Examiners report in writing to the 
Governors on the proficiency of the Students, as shown by the result of the exami- 
nation, and on the ability which the Students evince in giving lessons to classes, 
and in the discipline ana management of a school. The Governors are to commu- 
nicate the report to the Principal of the College. 

Entrance fees and tuition fees are determined by the Governors of the College, 
the rate for the tuition fees being not less than £20 a year. 

The Principal is to receive a stipend of £200 per annum. 

Near the top of Park Street, in this city, is the Bristol Museum and Library, the 
Council of which, in 1873, agreed with the Faculty of the Bristol Medical School 
to issue a circular setting forth the advantages of a technical college of science in 
Bristol for the west of England and South Wales. The Committee formed on this 
subject received a communication at an early period from the Master of Balliol 
College, Oxford, suggesting the cooperation of his own College, and probably that of 
another Oxford college in the undertaking. 

A prmnise on the part of Balliol College and New College, Oxford, was after- 
wards given, to assist in the establishment and support of the proposed College by 
means of a yearly contribution of £300 each for a period of not leas than five years, 
on condition of each Oxford college being represented on the governing body of the 
new institution, of the instruction given being literary as well as scientific, and 
of the requirements of adult education being specially considered. It was also pro- 
vided that, so far as could be arranged, the instruction, other than that of the 
Medical classes, should be open to women, and that lectures should be given on 
general subjects. A ready assent to these conditions was accorded by the Com- 
mittee who had taken charge of the negotiation. 

In June 1874 the Mayor of Bristol presided at a public meeting in Clifton for 
the College. A scheme of constitution was prepared, and in 1875 a conference in 
favour of the College took place in one of the rooms of the Parliamentary palace 
in Westminster, attended by influential Members of both Houses of Parliament. 

It may he of some value to friends of the Bristol College to hear some particulars 
of the development of Owens College, Manchester, in which I assisted as one of the 
original trustees of that seat of learning. At its origin the Trustees were satisfied 
to commence the College in a house with spacious apartments, to which was at- 
tached a gymnasium as an exercise-ground for the Students. 

Chemistry and the English language are now especially attractive subjects in 
Owens College. Elementary history, Latin, mathematics, and mechanics, with 
jurisprudence and physiology, also command much attention among the Students. 

Each Candidate for admission into Owens College usually produces a testimonial 
of good character from his last instructor. No person is admitted under the age 
of fourteen years; and those who are under sixteen are required to pass a preliminary 
examination in English, arithmetic, and the elements of Latin. 

Periodical examinations are held in each class, and written exercises are given 
out. Neglect of these tests of progress disqualifies a Student from com'^eting for 
prizes ana honours at the end of the session, when a general examination takes 
place of all the Students. No certificate of attendance on the class is granted 
to a Stud^t who absents himself, without a sufficient reason, fi^om the general 
examination. 

Mr. Greenwood, Principal of Owens College, reported in June 1874, that there 
were in that year 350 Students in the College, of whom 87 were under sixteen 
years of age, 117 between sixteen and eighteen, 75 between eighteen and twenty, and 
l27 above twenty. There were 141 medical Students and 847 evening Students. 
The total number was 1344 Students. 

Owens College is affiliated to the University of London : and Greek is no longer 

1875. 15 
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compulsory in that University on Candidates at the Matriculation examination^ but 
IS ranked at that time as an optional subject, with French and German. Latin is 
compulsory at Matriculation ; and a Student is required also to pass in any two of the 
three following languages — Greek, French, and ij^erman. The remaining subjects 
for Matriculation comprise mathematics, natural philosophy, chemistry, and English 
language and history. 

It is recommended in Owens College, that if a Student elects to take up Greek, 
and either French or German for Matriculation, he should enter for the first year’s 
Arts course, taking chemistry and one of the modem languages ; and that those 
Students who propose to take up both French and German for Matriculation 
should enter for the first year’s science course, taking Latin and both the modem 
languages of France and Germany. 

In June 1873, at the Matriculation Examination of the University of London, 
32 Students of Owens College passed ; and 3 Students passed, in January 1874. Of 
these 86 Students, 7 were evening Students. 

Students formerly at Owens College have obtained at Oxford a Si owell Civil-Law 
Fellowship at University College, a Burdett-Coutts Scholarship in Geology, a 
Fellowship at Pembroke College, and a Senior Mathematical University Scholarsnip, 
also an Exhibition and a Scholarship at Exeter College in natural science, and a 
Studentship in natural science at Christ Church. 

At Cambridge an Owens-College Student has been rewarded by attaining the 
place of eighteenth wrangler in the Mathematical Tripos of 1874 ; and other Owens 
College Students have been elected to scholarships at Trinity College, St. John’s 
College, and Sidney-Sussex College, and to a Sizarship at St. John’s College. 

Two Whitworth Scholarships have been gained by Owens-College Students. 

In twenty-one years, from 1853 to 1874, there have been 234 Owens-College Stu- 
dents matriculated in the University of London, and 225 have successfully presented 
themselves at higher examinations of that University. During the three years 
1871-74 seventy-one have matriculated, and seventy-five have passed the further 
examinations of the same University. Principal Greenwood observes that of the 
Owens-College Students a large body do not contemplate graduation either in Lon- 
don or elsewhere, and are yet in every sense devoted to academic work. 

Prizes apd scholarships are awarded to Students in the Medical department of 
Owens College ; and the names of those who pass in universities and professional 
colleges are duly recorded in the Owens-College ‘ Calendar.’ 

A College for higher education at Bristol has a right to gather round it an ever- 
increasing number of students, and to give an importance to its own certificates 
and rewards, which will soon be appreciated as nearly equivalent to degrees in 
universities. 

Girton College, three miles from Cambridge, affords an instance of lady students 
succeeding in the same academical examinations to which Cambridge-University 
gentlemen students are admitted. The Cambridge Examiners have kindly allowed 
marks to the papers of the lady candidates ,* and one lady student from Girton has 
recently obtained a few more marks than the highest gentleman student in the 
examination for the ^^pol.,” or ordinary B.A. degree, at Cambridge. 

Ladies who are ambitious of obtaining literary and scientific distinctions, seem to 
wish to enter the same examinations for which there are gentlemen candidates ; and 
several lady students of Girton College have obtained places corresponding to 
that of Senior Optime in the Cambridge Mathematical Iripos, and of the second 
doss in the Cambridge Classical Tripos. * 

The Middle-Class School in Cowper Street, London, under Dr. Wormell, has a 
high range of mathematical instruction ; and the hoys are encouraged to construct 
their own apparatus ftom simple materials, and to employ themselves in workshops 
recently added to the school. The English language and English histoiy are 
admiraDly taught in that institution. The senior boys of the sixth form show 
a creditable Imowledge of the elements of constitutional law and of political 
economy. 

Ireland has of late years increased in proraerity from the more ready transfer of 
landed property in that island. The Irish Commissioners, under the Incumbered- 
Estates Act, commenced their sittings in 1849 ; and in 1808 an act was passed ex- 
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tending the powers of the Ineumbered-Estates Court, for the sale of incumbered 
properties to properties that are unincumbered. A perpetual jurisdiction was 
™nted to the new tribunal, under the name of the ^^Landed-Estates Court’' In 
1873 the amount of purchase-money for land under this Court was £1,787,222, the 
net renM of the land sold w^ £86,686, and there were 208 sales. 

All Irish estates, whether incumbered or not, can be sold, or contracted for, or 
disposed of^ through the medium of the Court, which is also judicially empowered 
to declare a title to property, and, by later acts, to sell or lease settled estates. 
Small purchasers of land would be benefited by a greater simplification of proce- 
dure, and a reduction of expense in the professional charges, which are fixed on 
a high scale. For instance, parties interested in the purchase of a farm worth 
£500 may be required, as a minimum expense, to pay nearly £100 in effecting the 
purchase. 

Having visited the Landed-Estates Register Office in Boston, Massachusetts, I 
can report favourably of the excellent plan of recording transfers of landed property 
in the New-England States of North America. A book is kept, in which the de- 
scription of each estate is preserved, and the mortgages and other claims on the land 
are entered. If a sale is intended, the person proposing to purchase may at once 
see the incumbrances on the property, as well as many particulars of importance 
respecting the value of the estate. The transfer of property after the sale is duly 
registered j and the new proprietor thus obtains his title to the land. 

Next year (1876) a meeting of the International Statistical Congress is to be held 
in Buda-Pesth, the capital of Ilungaiy, Official statistical representatives of all the 
principal governments of Europe, and of the United States of Americ^ attend the 
Congress, which also includes delegates firom statistical societies of dilierent coun- 
tries ; it usually meets once every two years. 

When the Ooi^ess assembled at Berlin in 1863 (under the presidency of Count 
von Eulenberg, Secretary of State for the Home Department in Germany), the 
statistical representatives of Great Britain comprised : — Dr. Farr, F.R.S., Supeiin- 
tendent of Statistics in the General Register Office ; Mr. Valpy, Chief of the Sta- 
tistical Department and corn returns in the Board of Trade ; Mr. Hammick, Secre- 
tary of the General Register Office, and others. 

On the 9th September, 1863, Mr. Valpy presented to the Congress the annual 
statement and the accounts of the trade and navigation of the United Kingdom of 
Great Britain and Ireland, and remarked that the International Congress was cer- 
tainly doing good service to all nations. The periodical meetings,” observed Mr. 
Valpy, which we are invited to hold in the capital cities, where the Members are 
received with such Royal and general kindness, must exercise a great and favour- 
able influence upon public opinion in regard to national statistics. The opportunity 
afforded by the Congress for the meeting of public officers and gentlemen interested 
in statistics from so many countries is productive of much advantage. The circle 
of our friends is enlarged j and, speaking as an official delegate, I can say that our 
means of usefulness at home are increased, and our efforts of improvement are 
much encouraged, by the cordial personal intercourse between the Members of the 
Congress.” 

Dr. Farr, at the meeting in Berlin, eulogized the address of H.R.H. the late Prince 
Consort, who had presided at the opening of the International Statistical Confess 
in London. Dr. Farr mentioned that the labours of the Congress had been described 
in that inaugural address “ as connected with the loftiest principles of philosophy, 
and directed to the noblest end— the good of the people of all nations.” 

Mr. Hammick thanked Dr. Engel, the Director of the Statistical Department in 
Berlin, for his able abridgement of the resolutions and works of the International 
Statistical Congress at its previous meetings. 

Ilie meeting at Buda-Pesth may have a special interest, as the Convention of 
Commerce between Great Britain and the Austro-Hungarian empire is liable to 
terminate on the Ist January, 1877, and commercial treaties with various other 
European states may also come under consideration, for modification or renewal, 
at the same time. 

A valuable work on commercial treaties was published by Mr. Hertslet (foimeily 
at the Foreign Office) j and his son, Mr. Edward Hertslet, C.B., Librarian and 

15 * 
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keeper of the Papers at the Forei^ Office, has recently prepared a collection of 
treaties, in one thin volume, showing how the trade oetween this country and 
Austria is regulated in the present year (1875). 

Mr. E. Hertalet mentions the desire publicly expressed by Austria, Turkey, and 
other foreign powers to revise their commercial treaties not only with Great Britain, 
but with other states. He shows precisely in his treaties’ collection what commer- 
cial treaties have been concluded between foreign states, containing clauses con- 
ferring more favourable treatment on their respective subjects, on commerce, and 
on navigation, than are specially provided for in the English treaties, but the bene- 
fits of which concessions are or might be enjoyed by British subjects under the 

most-favoured-nation ” clauses of the English treaties. 

If the commercial treaties between different countries are likely to be cons^ered 
at the Buda-Pesth International Statistical Congress, a calm and dispassionate 
survey of international commercial relations may be anticipated on the part of an 
assembly comprising official representatives of high statistical talent from nearly 
all civilized nations. 

The Council of the Statistical Society of London nominates a small number of 
delegates to attend each Congress ; and the Committee of Section F may perhaps 
arrange for some representation of the Section of Economic Science and Statistics 
in the Buda-Pesth Meeting of 1870. 

In another department of statistical research, education, the General Committee 
of the British Association formerly voted grants, which materially aided educational 
inquiries. In 1830 the Report of a Committee of the Manchester Statistical Society 
(consisting of Messrs. W. R. Greg, W. Langton, and Henry Romilly), on the state 
of education in the borough of Liverpool, was presented to Section F at Bristol. 
The investigation had occupied thirty-one weeks, at a cost to the Society of £90. 
On the recommendation of the Sectional Committee in Bristol the sum of £150 
was placed at the disposal of a Committee (consisting of Colonel Sykes, afterwards 
M.P. for Aberdeen, Mr, Hallam, and Mr. Porter, Secretary of the Board of Trade) 
in furtherance of inq^uiries into the actual state of Schools in England, considered 
merely as to numerical analysis ; and similar grants were bestowed, with a like 
obmct, for several years in this Association. 

Last year, at Belfast, some of the leading Members of the Statistical Section inter- 
ested themselves in the restoration of harmony between the masters and the opera- 
tives in a strike which was going on at the time of the British-Association Meeting. 
A conference was recommended, happily followed by a compromise, and the differ- 
ences were satisfactorily arranged. 

At the present Meeting, the Section of Economic Science has various communi- 
cations of much interest to be brought forward ; and it gives me pleasure to request 
the reading of the first paper, thanking you, at the same time, for your courtesy in 
listening to my introductory observations. 


On the j^rohahle Cost and Propriety of removing to Bngland the fallen Ohelish 
of Alexandria^ presented to Great Britain hy the Pacha of Egypt, By 
Major-General Sir J. E. Alexander. 


On the Need of Systematic Observations on the Physical Characters of Man in 
Britain, By John Beddoe, M.T),, F,E,S, 

The writer endeavoured to show the need for the collection of extensive and 
systematic observations on the stature, bulk, weight, rate of growth, &c. of 
mankind in the British Islands. He had already laboured in this field for some 
time, but sought for more active cooperation ' from those interested. He pointed 
out how Meat results had already flowed from Quetelet’s researches in this depart- 
ment of knowledge, and how the practical bearing of such statistics on factory 
legislation, on the recruiting question, &c. might be immediate and considerable. , 
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On the Mortality of Adolescence, By John Bedhoe, M , D,y F.R.S, 

This paper was founded on Mr. Charles Ansell’s, jun., Statistics of Upper-Class 
Families. According to Mr. Ansell’s figures, the mortality of upper-class girls, from 
1 1 to 17 years of age, decidedly exceeds that of hoys, and about lo and 10 it actually 
surpasses, to a notable degree, that of both boys' and girls of the lower classes, as 
infen-ed from the English Life Table. Beyond 17 the upper-class female mortality 
recovers itself, and remains very favourable throughout the remainder of life ; while 
at the same age (17) the mortality of upper-class boys suddenly starts up, leaving 
below it fii*st the upper-class female and then the lower-class male and female 
curves, and from 19 to 25 ranking worst of the four. A comparison of the statistics 
of childhood and youth, collected by Mr. W. Bowser, Rev. J. Hodgson, and others, 
confirms Mr. Ansell’s facts. The excess of male upper-class mortality from 17 to 
23 may bo accounted for by that being the period of university and student life, 
of competitive examinations, sometimes of overstrain of mind and body, not unfre- 
quently of fatal accidents, more often of dissipation and excess of various kinds. 
In the case of the excessive upper-class female mortality from 11 or 12 to 17 or 18, 
the connexion with the period of puberty is more obvious,- and in relation to this 
must be mentioned the aggregate of influences which may be summed up in the 
term ‘‘ school-life,” and which aflect upper-class but not lower-class girls. These 
considerations reinforce Sidney Smith’s arguments against boarding-schools and in 
favour of the Scotch day-school system of education, at all events for girls during 
the age-period in question. 


On the Death-rates of some Health-Resorts^ and specially of Olifton, 

By John Beddoe, M,D., F.R,S. 

The conditions governing the relative mortality of to-wns fall under three heads, 
of which the second and third cannot be completely divided. These heads are 
Natural Climate, Artificial Climate, and Social Conditions, which last includes the 
amount and distribution of wealth, the prevailing occupations of the people, the 
degree of prevalence of drunkenness and vice, or of the improved habits which 
generally come with education, the proportions of sexes and ages in the popula- 
tion, the aggregation of individuals into masses, as in foundling hospitals, large 
schools, and barracks. 

Advantages of the three kinds commonly go together : wealth seeks the best 
localities and provides itself with the best artificial climate. Towns containing a 
large proportion of well-to-do people can fairly be compared, as to their death-rates, 
only among themselves. For selecting such towns for comparison the excess of 
young women from 15 to 85 yields on the whole the best test j and on that prin- 
ciple the following Table has been constructed : — 

Average Rates of Mortality fm 1871 and 1872 ifi Reyktrar-GereraVs Subdivision, 

Ditto, exclusive of 
Rato deaths in hospitals and 
per 1000. Workhouses. 


Westbury-on-Trym (including part of Clifton)... 14-5 14*5 

Newton (Torquay) 16*2 16-1 

Cheltenliam 17 8 16*2 

Clifton 16-3 163 

Hastings (St. Mary) 16 9 16-6 

Brighton (Kemp Town and Palace) 16 9 16*7 

Teignmouth 172 17 0 

Banwell (Weston-super-Mare) 17 7 17*3 

Hastings ISi 17*5 

Leamington 187 17*9 

Brighton 21*9 18 6 

Bath (Bathwick, Lansdown, Walcot) 18*8 18 8 

Bath (whole district) 21*4 18*8 

Scarborough 23 V. 21 4 

Exmouth .1. •>., .. . 21*V 21*6 
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In the succeeding years the death-rate of Clifton has been smaller ; and even if all 
deaths of parishioners occurring elsewhere (in hospitals &c.) are added, the rate 
for 1873-74 is but 16*9, and for the last spring quarter 16-4, the isymotic rate being 
1*4 per annum. It is doubtful whether anywhere in England an equal mass of 
population can be found yielding so favourable a rate. By Mr. Humphreys’s method, 
the normal death-rate of Clifton would be 21*8, so that the actual rate is 4*9 below 
the calculated one. 


On Seridculture. By Mons. Boi^homme, 


On Agricultural Statistws and Waste Lands, By William Botlt. 

The object of this paper was to show the utility of a better and more correct statis- 
tical publication of the amount of our cereal, root, grass, and other crops, cattle, sheep, 
swine, and horses. The author stated that tlie nations of antiquity, and even Peru 
at the present time, were much in advance of Croat Britain and Ireland in carrying 
out th& idea. In treating of waste lands, the total acreage of Great Britain and 


Ireland was stated to be 77,600,000, of which, in 1874, there were : — 

In corn 11,364,884 

Hoot and green crops 4,967,683 

Flax, hops, bare fallow, clover, and other gi'asses under rotation. . 7,140,387 

Permanent pasture, meadow, and grass, exclusive of mountain and 
heath 23,680,416 


It is a most extraordinary fact that out of the total acreage of 77,500,000, there 
are no less than 30,856,680 unaccounted for. 

The author suggested the propriety of the legislature ottering secure inducements 
for the cultivation of waste lands. 


On Worhmen^s Dwellings, By W. Boily. 


On the Worlcing of the Building Societies Act, 1874. 

By E. W. Bkabrook, F,B,A,y Barrister-at-Law. 

By this Act the rules of Building Societies are to be transferred from the custody 
of the Clerks of the Peace in the several counties to that of the Registrar in London. 
The Clerks of the Peace for some counties of importance have not yet effected the 
transfer, but the rules of 6167 societies have been received by the Registrar. Of 
these, it is probable that about 2000 are still in existence, the others having been, 
for the most part, terminating societies which had completed the period for which 
they were established. 

Every society established after the passing of the Act has, and every society pre- 
viously established may have, the privilege of incorporation. As yet, however, 
only 300 societies (of which 70 are new ones) have obtained certificates of incor- 
poration, The certificate caiiies with it limitation of liability, and the right to 
borrow money to the extent of two thirds of the amount secured to the society by 
mortgages from its members. 

The Act provides for the making annual returns to the Registrar by every incor- 
porated society. Returns have not yet become due from the generality of societies ; 
but those of 93 societies (42 incorporated, 61 not) already recorded at the Regis- 
try-office show a capital from share-subscriptions of £4,016,977, from borrowed 
money of £2,044,287, and from accumulated profit of £230,761, together £6,291,016 ; 
of which there was invested on mortgage £6,961,820, existing in other assets 
£328,918, and a balance deficient in one society of £267. The annual income of 
the 93 societies was £3,819,604. 

The societies in Bristol and its neighbourhood are numerous and fiouriihing, and 
nearly all of them have become incorporated j but it is in the North of England 
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building societies are most largely extended. The Queen’s Building Society, 
Manchester, has an income of £7^4,578, and assets exceeding £900,000 j the Leeds 
Buildii^ Society has 10,262 members, an income of £454^624, and assets amount- 
ing to £786,179. In London, also, are several very large societies. 


On the Trade and Commerce of the City and Port of Bristol* 

By Leonaei) Bruton, Secretary to the Bristol Chamber of Commerce* 

The object of the paper was to point out the great advantages which had accrued 
to the trade and commerce and the general interests of the city and port of Bristol 
by the operations of the Bristol Docks Transfer Act 1848, and the consequent 
reductions in the dock duos. The reductions were very considerable, amounting to 
more than 50 per cent, on an average on vessels, and to about 20 per cent, on 
goods, that is, foreign produce imported. 

Statistics were given of the import trade for 20 years before and 27 years after 
the reductions, which showed that, whereas in the first period, under the high dues, 
the progressive increase was at the rate of 33 per cent, on an average, divioing the 
20 years into two decennial periods, a similar comparison for the 27 years since 
the reductions had bean at the rate of 66 per cent, decennially. 

A similar comparison with regard to the net rateable value of property within 
the municipal liniita showed, that whereas the rate of increase before the reduc- 
tions in the dock dues (that is, from 1841 to 1851 ) was 7 per cent., in the first period 
after the reductions it was at the rate of 16 per cent., comparing 1861 with 1861, 
and in the second period after the reductions it was 41 per cent., comparing 1871 
with 1861. 

Taking the extreme points, the foreign import trade of the port had increased 
800 per cent., comparing 1848 with 1874; and the net rateable value of property 
had been nearly doubled between 1841 and 1871, viz. from £406,206 in 1841 to 
£719,913 in 1871. 

Notwithstanding the reductions, the money receipts for dock dues had increased 
50 per cent., and those for town and other port charges paid into the city chest 
amounted to three times more in 1874 than m 1847 ; and the city was receiving 
upwards of £12,000 more per annum from shipping than the amount of the rate on 
the fixed property towards the reductions in the dues. 

Statistics were also given to show to what extent the different branches of the 
foreign import trade had increased since the reductions in the dues, viz. : — sugar, 
126 per cent. ; timber, 66 per cent. ; grain flour, &c., 430 per cent. ; hides, tallow, 
&c., 142 per cent. ; and other produce, 139 per cent. 

The paper referred also somewhat in detail to the general advantages which 
had resulted to dll interests in the city — commercial, manufacturing, public im- 
provements, docks, and railways, &c., and concluded by paying a tribute of respect 
to the late Mr. Robert Bright, an eminent merchant of Bristol, to whom, as the 
President of the Bristol Free Port Association from 1846 to 1860, the credit of 
this great change was chiefly due, and by regretting that the Corporation and the 
citizens had not more continuously and more fully carried out the Act of 1848^ 
which had conferred such great benefits on the city and port of Biistol. 

In reply to a question as to the rate of progress in other ports, statistics were 
read of the foreign import trade of the United Kingdom, which showed that it 
was increasing about 25 per cent, faster than that of Bristol before 1848, whilst 
since 1848 Bristol had recovered that lost ground, and was now keeping equal 
pace with the United Kingdom generally. 


On the Principles of Penal Legislation . — Second Paper. 

By John T. Burt, Chaplain of Broadmoor Criminal Lunatic Asylum* 

Montesquieu laid it down as one proposition in political science, that the monar* 
chical governments of Europe were founded upon a principle of honour* Further^ 
lie contended that this principle of honour involved tne setting of .a lew value upon 
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life and of a high raliie upon property. This principle was strongly impressed 
upon tlie penal laws, which came down from fonner times. Assaults and inj iiries 
to the person, and even homicide, were purged by lines, oftences against property 
weie punishable with death. 

The elements of social life have imdergono great changes, and the relati\ e value 
of life and of property has been reversed. 

Penal legislation has followed slowly in the wake of these changes, and the 
severity of penalties against property has been mitigated. 

The question is raised, whether the changes in penal legislation have been com- 
mensurate with the change in the relative value of life and property. 

Two propositions are submitted : — 

i. Assaults and injuiies to the person are of the nature of offences against life. 

3i. Imprisonment is of the nature of a penally levied upon human life. It is a 
partial confiscation of human life. 

Notwithstanding the recent changes in criminal law, offences against the person, 
in large classes of cases, are punished by penalties levied upon property. 

On the other hand, offences against property are punished by a confiscation of 
some portion of human life. 

This paper is limited to the consideration of offences against property. 

A summary of the retunis given : — In the year 1872-7o the number of sentences 
to either imprisonment or penal servitude for oftences against property was 
30,603. 

The average daily prison population of all county and borough prisons, and of the 
so-called ^‘Convict Prisons,” was 27,19 5. It is estimated that of these nearly 
one third are sentenced for oftences against property without violence, 

Thus the result is arrived at, that the protection of property in England and 
Wales involves the confiscation of human life to an extent equal to the entire 
lives in constant succession of from 8000 to 9000 men, women, and children. 

It is admitted that if the existing method of punishing offences against property 
could he proved by experience to be indispensable, then it ought to he adhered to. 
i3ut unless such evidence could be adduced there is a strong presumption in favour 
of punishing oftences against property by penalties levied upon property, and not 
by penalties levied upon human life. 

Experience is strongly in favour of every change which has been effected in 
the direction of more merciful legislation. 

The abolition of capital punishment for offences against property was a depai’- 
tuie from the principle of tlie old law of the extremest kind. Other changes have 
followed. Nevertheless there has been a concurrent decrease of those forms of crime 
the penalties against which have been continuously mitigated. 

There has been at the same time a constant decrease of severity in the sentences 
passed by exercise of the discretionary power vested in judges and magistrates. 
This passing of more lenient sentences is conclusive evidence that in the opinion 
of the judges, and of the whole magistracy of the country, the past changes m the 
law have worked satisfactorily. 

The same general conclusion is supported by the testimony of Mr. Samuel Red- 
grave in the report for 1858, published in 1859. 

Three cases within the personal knowledge of the writer adduced in illustration. 

The same conclusion corroborated strongly by a return published by the Bank 
of Engird of the number of forged notes presented for payment before and after 
the abolition of capital punishment. 

It is not contended that the decrease of crime is directly and altogether the result 
of the decrease in the severity of punishment But in the face of all this evidence 
it is contended that the amount of crime is largely determined by other causal 
influences, and not mainly by the severity of punishment 

Whatever those other causal influences may he, no pretension is made that their 
force has been accurately measured. It will be impossible, therefore, to adduce proof 
that the limits of s^ety have been reached within which crime may he eflfectually 
controlled, and punishment be still further mitigated. 

In rae way the mitigation of penalties has to some extent contributed to the 
lessening of crime* It nas brought the law more into accord with a natural 
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of justice, the condition upon which the healthy and Tigorous action of the law 
depends. This condition would be yet further fulfilled if offences against property 
were punished, so far as practicable, by penalties levied upon property. 

The mitigation of penalties has contributed to the lessening of crime in another 
way. 

It was one main argument with the advocates for the abolition of capital punish- 
ment for offences* against property that the disproportionate severity of the penalty 
deteiTed injured persons from prosecuting and juries from convicting. l5ut the 
effectiveness of penal law depends much more upon the certainty of punishment 
than upon the severity. 

At the present time many persons are deterred from prosecuting, the punishment 
of imprisonment being often felt to be disproportioned to many offences against 

and that read by the writer at Belfast, should bo considered together. 


property. 

This paper, 


On Industrial A^vhools, By Miss CARrENTER, 


Some Acconnt of the Rise and Progress of the Sugar Trade in Bristol, 1875. 

By Henry Chamberlain. 

The total consumption of sugar in the United Kingdom in 1874 was 719,343 tons. 
We trace sugar first from China, through Arabia, to Europe and the Canaries, from 
the latter imported into Bristol in 1520 and earlier. In 1 500 the cane was taken to 
America, in 1G14 first to Barbadoes, and from thence to other West-India Islands. 
Spain had, however, before this a large trade at St. Domingo. Barbadoes first 
exported sugar to England in 1640, and the West-India trade continued the prin- 
cipal one until 1844 ; then free labour of other places was admitted. One of our 
Bristol merchant’s ancestors obtained estates in Barbadoes about the time o{ 
Cromwell’s Protectorate in England, and some remain the family property to this 
day, and are still connected with this city. Other large mei can tile houses were 
established here in the last century, and the import from the West Indies went on 
and flourished. From 1844 all kinds of sugar were imported, free and slave labour, 
and the duty was gradually lemovcd, until in 1874 it was entirely abolished. The 
beet-root trade is protected in France, or it could not successfully compete with cane- 
sugar. In 1832, the year before slave emancipation, the total import trade into 
Bnstol was 21,229 tons ; in 1843, the year before the admission of free labour, 
16,011 tons ; from that time it rapidly increased to the large total of 94,528 tons 
in 1872, though 1874 is not so large, being 81,914 tons. These figures are from 
the Bristol Chamber of Commerce accounts. The entire import into England in 
1700 was only 10,000 tons. In 1874 we have already seen it exceeded 700,000 
tons, a wonderful increase. The future of this great trade is beyond all present 
calculation. 


On Domestic Service for Gentlewomen, By Mrs. B. M. Crawshay. 


On the Tanning of Sole-Leather in Bristol, By Sparke Evans, 


On Indian Railways and Indian Finance* By Francis William Fox. 

The object of this paper is to direct attention to the important bearing that the 
further extension of raiJwayB in India has upon the welfare of her people and the 
development of her resources. 

The author showed 

1st. That the land is capable of affording sufficient revenue for the general 
purposes of the government of the country and for the jadidous develop-* 
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ment of public works, whilst at the same time allowing for the total aboli- 
tion of the taxes on salt and opium. 

2nd. That immediate steps should be taken to cover India with a network of 
railways. 

8rd. That for the construction of the railways and working their traffic a new 
organization is required, as the existing system is not adapted for the 
special requirements of a country like India. 

Before proceeding to consider these propositions, the author gave a few statistics 
of the Indian empire. 

The total area of country under the administration of the Imperial Government 
is 1,558,254 square miles (or 997,282,560 square acres), of which 948,254 square 
miles (or 606,882,560 square acres) belongs to the British provinces, and ^out 
610,000 square miles (or 390,000,000 square acres) to the native states. 

The population, according to the last census returns, is about 240,000,000, of 
which about 193,000,000 belong to the British provinces, and 47,000,000 to the 
native states. 

The density of the population in the whole empire is about 154 persons per 
square mile ; or if the more important provinces only are taken, which form about 
one half of the whole area, the density would be about 234 persons per square 
milej but in the North-West Provinces the average is 378, in Oude 465, in some 
of the Bengal provinces 500 to 573 persons per square mile, whereas in England 
the density of the whole population is 422 per square mile. 

In Ireland the density is 166 persons per square mile. 

The Indian railways opened and in course of construction at the commencement 
of 1873 were about 7722 miles, or one mile of railway to every 200 square miles 
of country, whereas in England there is one mile of railway to every 4^ square 
miles of’ country, and in Ireland one mile of railway to every 10^ square miles of 
country. 

The Indian railways, as above, have cost about £97,000,000, or £16,536 per 
mile. 

The Irish railways have cost about £16,000 per mile ; and by a curious coinci- 
dence the gross receipts per mile per annum on the Indian and Irish railways are 
almost identical. 

In India the gross receipts are about £1148 per mile 
In Ireland 1142 „ 

The total receipts on the Indian railways for the financial year of 1873 were 
£6,742,789, the net revenue £3,185,000, which gives a percentage of about SJ 
per cent, per annum on the outlay ; or, if the railways had been made, as they 
might have been, upon a cheaper and more economical system, or for, say, about 
£6000 per mile, the percentage upon the outlay would have been 6J per cent, per 
annum. 

The gross revenue of the Indian Government for the financial year ending 
March 1873 was £50,110,21.5, or nearly £2,000,000 in excess of the normal 
expenditure. 

Of this revenue £44,449,000 were realized as follows : — 

From land, and contributions from native States . . £22,000,000 


From salt 6,165,000 

From opium 8,684,000 

From Customs, Stamps, and Excise 7,600,009 


But the cost of collecting the salt and opium duties is about £2,290,612 j so that 
if these two taxes were abolished the amount derived from them, viz. £14,819,000, 
would have to be reduced by this sum of £2,290,612, which would leave 
£12,528,388 to be provided for. 

Assuming the population of India, as per last census returns, is 240,000,000, 
and that every person, including rich and poor, expended upon an average, on their 
food and cbthing, one penny per day, this would ^vo a sum equal to £365,000,000 
per annum would not this amount give us approximately the value of the produce 
rdsed off the land per annum P For may not the value of the exports, amounting 
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to about £55,227,495 per annum, be fairly set off affainst the imports, which 
amount to about £31,260,561, and the value of the labour required to convert 
the produce of the land into food and clothing and convey them to the market ? 

In this expenditure of £365,000,000 per annum, the author has estimated that 
200,000,000 of the population expend only ^d. per day per person. 

Of the 994,130,500 acres belonging to the British states, we cannot estimate 
that there are less than 250,000,000 of acres under cultivation, or say about one 
fourth of the whole area. 

This may be considered an under-estimate, as Sir George Campbell considers 
there is a much larger area of land under cultivation than this. 

Owing to the depressed condition of the Indian agricultural labourers (they 
being only half-fed and clothed), the land is nearly everywhere imperfectly culti- 
vated. If the condition of the agricultural labourer was improved, we may safely 
estimate that the value of the produce of the land off the same cultivated area 
would be increased at least 25 per cent. 

The revenue from the land is derived by certain assessment charges of so much per 
acre, which to all intents and purposes is simply an ordinary rent charge ; but 
owing to the different and \ariea forms of land-tenure throughout India created or 
endorsed by the Imperial Government, the rent-charges vary considerably and 
are based upon no uniform principle. 

In addition to tlie rent-charge there is a special charge made per acre for those 
lands which are directly or indirectly benefited by irrigation, and which charges 
enable the Government to realize a profit (according to Lord G. Hamilton) of about 
5 per cent, upon all the large sums which have been expended upon irrigation works. 

From the imperfect state of land registration, a large area of cultivated land pro- 
bably escapes altogether paying any rent to the imperial revenue. 

It seems just and expedient that the revenues of India should be made depen- 
dent and should be realized on the produce of the land, and not from the land 
itself. 

The revenue would thus increase as the prosperity and wealth of the people 
advanced, and there would exist a powerful stimulant to develop and ameliorate 
the condition of the millions of her people. 

Simultaneously with the introduction of raising the revenue from the produce 
cf the laud, the duties upon salt and opium should be abolished. 

If the revenue from the land was to be raised by a charge of one tenth on the 
value of the produce, which is the ancient Oriental standard of rent, this value 
being estimated, as above, at £365,000,000, the amount of this revenue would be 
about £30,500,000, and would increase annually els the resources of India were in- 
creased in value by the extension of railways and spread of irrigation works, and 
by the improved purchasing power of the people. 

This revenue would show an excess of £16,500,000 per annum over the normal 
expenditure of a financial year like that ending March 1873 ; but this surplus would 
have to be reduced by £12,528,388, on account of the abolition of the salt and 
opium taxes, leaving still a surplus of about £4,000,000, which surplus would be 
an annually increasing one on account of the progressive value of the land revenues. 

Let us assume that only two thirds of the 1,658,254 square miles would be pro- 
vided with railways. 

This area, divided by 20, will give us about 50,000 miles of railways that would 
be ultimately wanted in order to give India about half the railway accommodation 
that Ireland has, or about 42,000 miles would have to be constructed in addition 
to those already finished and in course of construction during, say, the next 26 
years. 

If these 42,000 miles of railway are made, as they can be, for about £6000 per 
mile, under conditions to be hereafter specified, the total cost of these 42,(XX) miles 
would be £262,000,000, which added to the £1(^,000,000 approximately already 
expended, gives £352,000,000 as the ultimate capital to be invested in Indian rail- 
ways, an amount equal to about the value oi one jear^s produce of the land, 
assuming that the produce is only £366,(XK),000 ; but it must be remembered that 
of the £252, 000, (wO to be expended, about £126,000,000 would be expended in 
^glAod in purchase of rails^ railway-plant; rolling-stock, freight, and profits. 
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The interest upon £352,000,000 at 6 per cent, amounts to £17,600,000 per 
annum ; although wc are aware that the required capital could he raised at 4 per 
cent., we have allowed 5 per cent, interest, as it offers a premium for private enter- 
prise to embark more readily into Indian railways. 

Assuming the average gTOSs receipts of the whole of the Indian railways 
amounted to only one half of the average receipts of the Irish lines, or say to £572 
per mile per annum, or £11 per mile per week, and allowing the working expenses, 
say, to be 60 per cent, of the gross receipts, the net amount available to meet the 
above 17,000,000 would be £§,724,000, leaving a deficiency of £7,876,000. 

The deficiency on account of the ^aranteed interest for the year ending March 
1875 is £1,428,442, which deducted from the £7,876,000 shows an increased charge 
when the works are all completed, say some 25 years hence, of £6,447,558 per 
annum. This would be provided for by the surplus of the revenue, which, as 
before shown, would in the first year be about £4,000,000, and would be increasing 
yearly. 

The author proposed that the same principles which have been found by expe- 
rience successful in private industrial enterprises should be applied as far as 
possible to those of the State. 

Close personal attention must be given to details, in combination with a capacity 
for generalizing these details so as to mould the whole into an effective and com- 
plete organization. 

As the author believes it is a first essential for the successful development of 
Indian railways that the spirit and enthusiasm of private enterprise should he en- 
listed, he suggested that a scheme somewhat similar to the following might be 
adopted with advantage. That the railways should be the property of the State, 
and the working of the traffic within certain specified limits to be under its supreme 
control. 

It will be necessary for obvious reasons that the 42,000 miles of new railways 
referred to above should be very approximately located, and, for the sake of con- 
venience, divided into three classes. 

The first-class railways should be those which would cost about £5000 per mile. 

The second class those which would cost £6000 per mile. 

The third class those which would cost £8000 per mile. 

The average of the whole to cost about £6000 per mile. The Government would 
then proceed to offer to approved parties concessions of certain railways on terms 
somewhat to the following effect : — 

1st. The land to bo provided free of cost. 

2nd. All materials required for the construction and equipment of the railway 
to be imported free of duty, and to be carried at special low rates over the 
railways m operation. 

3rd, That interest at 5 per cent, per annum should be guaranteed on the standard 
cost of the railway. 

4th. The said guarantee of 5 per cent, should come into operation only and when 
certain lengths or sections of a railway have been certified to be completed 
and equipped with rolling-stock in conformity with the concession. 

6th. That the concessionaire would have to work the traffic of the railway 
subject to certain Govemment regulations, and maintain it in working 
order to the approval of the Govemment for a term of, say, 36 years, deter- 
minable by the Govemment at the end of every seven years. 

6th. The concessionaire would have annually to pay to the Govemment in 
monthly instalments an amount equal to the Govemment guarantee of 6 
per cent., after which all the receipts of the traffic would belong to the 
concessionaire. 

7th. That for those railways where the annual net receipts will not cover the 
guaranteed interest after the said railways have been opened and at work for 
three years, then the Govemment shall allow an abatement oft* the annual 
payment, such abatement to be assessed by an approved court of appeal. 

8th, That the concessionaire shall have the power of issuing ordinary shares 
unguaranteed by Government not exceeding, say, £4000 per mile, the Govern- 
ment not to he liable to purchase these ordinal shares at the end of the 
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35 years, but the said shares would remain the property of the holders and 
shall participate in all the profits after the guaranteed interest and working 
expenses have been paid. 

It will be readily seen that in the foregoing scheme capitalists in England and 
India would be attracted to embark with spirit and energy into Indian railways, 
as there exists many important elements for realizing substantial profits in propor- 
tion as the collateral trade in connexion with the traffic of a railway oecame 
developed, which elements, most must admit, are sadly wanting in the present 
organization of Indian State Lines, whilst at the same time it embraces all the 
advantages (and these are many) of the railways being owned and under the 
control of the State. 


On the Standard of National Education*, By Mrs. William Grev. 

The object of this paper is to draw some practical inferences from that on the study 
of Education as a Science, read last year at Belfast, the most important of these being 
that which forms the title. The definition of education in the former paper, as 
the direction given to the development of the human being by the external influ- 
ences brought to bear upon him, aiding, arresting, or distorting his growth, which 
applies to national as to individual education, will include under that name aH 
direct instruction and influence, together with the indirect pressure of the social 
atmosphere and general conditions under which we live. It is on this indirect 
and apparently uncontrollable social element that a national standard of education 
would exercise the most powerful influence ; for every nation, class, and profes- 
sion, having any vigorous life, has an ideal of what its members should be, which 
affects each individual in them by a public opinion more potent than any law 
Some such ideal of education does indeed exist now in all classes of society, and 
creates a standard for each class. The question is, whether it is an adequate one, 
judged from a general, not a class, point of view, and whether the scientific study 
of education would not give us one universally applicable and resting on the firm 
ground of principle. The scientific view, taking human nature as its basis, makes 
that principle the equable development of all the powers and faculties in their due 
relation to each other. 

To begin with physical training : we have the Greek ideal preserved to us in 
their statues, and should adopt it for ours, making our drill, gymnastics, and phy- 
sical exercises for both sexes parts of a really scientific physical training, directed 
to attain the maximum of strength and grace, and reduce to a minimum weakness 
and deformity. This would give importance to the conditions of healtlw develop- 
ment before and after school- life, and scientific unity to our sanitary legislation, 
coordinating every measure to the same end, the improvement of our human 
breed, hitherto infinitely less regarded than that of our cattle. 

Passing on to intellectnal education, our ideal must include here also not only 
development but harmony, the balance of intellectual forces which constitutes 
soundness of mind and their due subordination to tlie supreme end of intellectual 
life, right reasoning, the discernment of the true relations to ourselves and each 
other of the objects and persons making up the world in which we live. Hence 
the standard of intellectual education should be the formation of a sound judg- 
ment, which exercised on common things is no other than common sense, and in 
the region of abstract thought is the discovery of truth. How to attain^ this 
standard by directing all our school teaching towards it, is a problem the science 
of education has still to solve ; for the testimony of examiners of every degree 
and for every profession may be appealed to to prove that it is not solved yet, 
and that the development of intelligence producing a high average of reasoning 
power is not the general result of om* present methods of teaching. 

In the higher education given at the Universities, or whatever coiTesponds to 
them, knovidedge ceases to be a means only, and becomes an aid in itself, but 
should lead to another end not less worthy, i,e, culture. Tliis, which is too often 
supposed to be mere ornament, has a high educational value by giving^ a keener 
edge to our judgment, and training reason to deal with human probabilities, and to 

* Published in the ‘ Journal of the Women’s Education Union,’ for September 1875* 
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weigh e-vidence coloured by human feeling, which physical science does not bring 
before it. Assuming, on the authority of Mr. M. Arnold and other competent per- 
sons, the notoriety of, at least, very common failure on the part of our schools and 
universities to produce the culture their whole system is directed to attain, it may 
be attiibuted, nrst, to the absence of a high national standard of culture as the 
necessary crowning of the educational edifice ; and, secondly, to the need of science 
to discover and correct the defects in our methods whence it proceeds. 

Following the natural order of human development, we come next to moral 
education. In the moral as in the intellectual constitution we find a hierarchy of 
powers, and one supreme over the rest. This is conscience, the voice within us 
pronouncing on right and wrong, and determining the obligation expressed by 
*^I ought'’ and “fought not.” The establishment of this rightful supremacy, 
the subiection to it of the desires, affections, passions, making “ 1 will” wait upon 
“ I ought,” is the ideal of moral education. Here we have a recognized standard, 
that of Christian morality; but there is too much evidence to prove that it is not 
the practical and efficient one. How it is to be made efficient, how our moral 
teaching is to become as practical as it is universal, and establish the sovereignty 
of conscience de facio'^ as well as ^^dcjure,"' are questions on which tbe honour 
and prosperity of the country depend ; and where can we find their solution except 
in the science of education, which is in fact the applied science of human nature f 

Over the religious element of our nature, potentially the noblest, but also the 
root of our worst evils, superstition, fanaticism, and bigotry, education has almost 
imbounded power, and it has tbe highest standard, that of Christ, and an ideal of 
divine loveliness in the life of Christ. Many of the causes of the notorious failure 
of our religious teaching in producing corresponding results lie outside the scope 
of this essay, and the subject is mentioned only to point out that the standards of 
intellectual and moral education are most powerful factors in religious education, 
and that when we have trained the intellect to form sound judgments and the moral 
natui’e to obey conscience, we shall have laid the best foundation in human power 
for religious training up to the Christian standard. 

All 3iat has been said hitherto applies equally to both sexes ; but this paper 
would be incomplete without some mention of tbe standard of education for 
women. Practically there is no such standard above that of the elementary 
schools, and tbe whole subject is in a chaotic state, tossed on tbe bonis of con- 
flicting opinions between the extremes of absolute dependence on the pleasure and 
convenience of men and absolute equality with them. Yet a high standard of 
womanly worth and dignity is the very salt of a nation’s life, without which it 
slowly rots to the core. To the English ideal of the purity and sanctity of home pre- 
sided over by the wife and mother, incomplete and inconsistently act ed upon as it is, 
we owe whatever we have of wholesome social life. But there are signs of a change 
for the worse even here ; and considering that the unavowed but real standard held 
up to women from their cradle is to please men, and that experience early teaches 
them that men as a rule are best pleased by beauty and fashion, most easily won 
by the wiles of coquetry, and most effectually repelled by any independent exer- 
cise of thought and judgment, the wonder is that so much goodness, truth, and 
sound-heartedness is left among them. Professor Max Muller, after saying to the 
writer that the future of England depended on her young mothers, asked, “ How 
are they to be educated ?” Can there be any question in the whole range of 
scientific investigation more worthy to occvmy our ablest minds, and the solution 
of which is more important to the welfare oftne nation and the human race P 

Mr. Matthew Arnold has a passage showing the necessity of a nation’s action 
being inspired by an ideal commanding the respect of the many, in order to keep 
that nation together and give it unity and true greatness. The practical comment 
on these words, based not on theo^ but the history of the decline and fall of 
nations, is this; Of all ideals giving a nation unity and greatness, the most powerful 
is a high ideal of national character, of what its men and women, its gentlemen 
and gentlewomen should be ; and of all sciences giving us the command over the 
forces of nature, the most important is that which will give us command over the 
forces of the human heart and mind, and enable us with approximate certainty to 
^ucate the nation up to its ideal. 
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On Income Fallacies and some of their Consequences, By P. Hallett, M,A, 

The object of this paper is to show that the word " income ” has uneq[ual 
meanings and values in its applications to different sources, and that therefore its 
use as a comparative measure either of wealth or taxation without previous correc- 
tion must necessarily lead to error. These inequalities arise from the unequal 
degrees in which difterent sources ai*e naturally reacted on in the production of 
incomes, and from the variable manner in which these reactions are recognized by 
present modes of assessment. Nominally equal incomes are only really equm 
when they leave the things that produce them, considered as values, equally 
unimpaired, or when they leave them equally restored. £100 of income produced 
by a source that remains permanent in value is a very different thing from £100 
produced by a source that is consumed in and by the veiy process of its production. 
To yield the one may require a capital value of £2000 ; the other may arise from a 
value varying from below £2000 down to even less than the £100 of income itself, 
simply according to the rate of the source’s consumability. But the two are 
called equal incomes, and are treated as equal both in statistics and legislation. To 
incomes that leave their sources unimpaired belong the ordinary interest of money 
and, with some slight drawback, the rent of land. To those that consume their 
sources belong terminable annuities, the royalties of mines, the rent of houses, the 
income or wages of labour in its various forms, in all of which the income is 
increased at the expense of the source. In the one category the income is a pure 
profit on the source’s capital value ; in the other, besides pure profit, it contains 
the repair and redemption-funds of its capital value, or, in other words, is a mixture 
of profit and capital. 

Different classes of income thus being of unequal constitution, their units are 
necessarily of unequal denomination, and are therefore, as such, incapable of being 
added, subtracted, or of forming comparative ratios. Various^fallacies arise from 
ignoring these inequalities. (1) In estimating, for example, the National Income, 
land-rent, house-rent, industrial and professional incomes, and even common wages, 
have all oeen added together as if the income units of each class were of the same 
value; and the incongruous mixture has even been capitalized at pure interest rates 
in order to obtain the increment of National Wealth. (2) Again, in estimating tlie 
comparative incidence of General Taxation on different classes of persons or pro- 
perty, the same oversight has been committed. Income, according to the ordinary 
rule, has been taken as the comparative measme of incidence, but the measure not 
being of common value in diflerent classes the comparison fails radically. If one 
class of incomes pays 11 per cent, of taxation and another class pays 14 per cent., 
but the income unit of the one is of more than double the value of that of the 
other, the percentages, without correction, are evidently scientifically worthless 
and practically misleading. (3) The same error that thus applies to taxation in 
general applies to the special Income-Tax ; and it is indeed probably owing to the 
mode in which different denominations of income are officially defined and treated 
in the income-tax administration that the preceding fallacies have arisen. 

As these consequences (statistical and legislative) result from a want of unifor- 
mity in the idea of income, their true remedy would appear to consist in supplying 
this want ; and as the want arises from the unequal de^ees in which the ai&rent 
sources are impaired through production, it would be supplied by restoring this 
impairment. Such restoration will generally imply a deduction from the incomes 
of terminating sources, as at present given, of repair or redemption funds sufiicient 
to make the capital value of these sources permanent. The sources being thus 
rendered economically permanent the incomes would be permanent also, whilst 
their units being of the same denomination might be added, subtracted, or em- 
ployed as comparative measures of taxation without error or injustice. 

If, using symbols, P be a source’s production, E its productive expenditure or 
consumabili^, I its true income or profit, then I will be determinable by the 
formula I=bF— E. Income will be thus universally definable as the difference 
between production and its cost — the pure excess by production above capital, the 
source’s pure profit or permanent annual value. 
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On the Progress of the Coal Question, 

By Professor W. Stanley Jetons, F,B,8. 

The puroose of this paper is to compare statistical facts concerning the recent 
progress or the output of coal with various predictions and theories which had 
oeen published on the subject in the previous fifteen years. The quantity of coal 
raised in the United Kingdom in the year 1873 amounted to the enormous weight 
of 127,000,000 tons, according to the mineral statistics of Mr. Hunt. Professor 
Hull, in his valuable work on the English Coal-fields, had questioned the power of 
the coal-fields to admit of a much greater drain in any one year than 100,000,000 
tons, at which i*ate he believed the supply would be sufficient for eight centuries. 
Facts now entirely negative the hypotnesis of any such fixed limit. 

Sir W. Armstrong, in his Presidential Address of 1863, put forward his cele- 
brated calculation, that the produce of coal was advancing by a uniform arithmetic 
annual addition of 2} millions of tons, at which rate the coal in the country, as 
then estimated, would last only 212 years. According to this law of increase the 
produce in 1873 ought to be 119 millions, which is 8 millions less than the truth, 
the increase in the interval being at least 41 millions, instead of 33 millions, as it 
would be according to Sir W. Armstrong’s method of calculation. The annual 
average addition to the output is now nearly 3| millions of tons, instead of 2 J mil- 
lions j but the true law cannot really be that of arithmetic increase, which, if 
followed backwards, would lead us to zero about the year 1830. 

The true law of increase is that of a geometrical series, with the average annual 
ratio of 3} per cent. According to this law, as described in the ‘ Coal Question’ 
in 1865 (1st ed. p. 213, 2nd ed. p. 240), it was calculated that the produce of 
coal in 1871 would be about 117‘9 millions. According to !Mr. Hunt^s statistics 
it proved to be actually 117,352,028 tons. On the same method of calculation the 
produce of 1873 would be about 120‘3 millions ; and the actual quantity raised, as 
alreac^ stated, exceeds this by about 700,000 tons. In spite of the extraordinary 
rise 01 price of coal in the years 1872 and 1873, the law of geometric increase is 
thus remarkably verified. 

In the Keport of the Royal Commission on Coal some calculations of Mr. Price 
Williams are put forward, in which the average consumption (apart from expor- 
tation) of coal per head of the population is assumed as rising from 3'9636 tons in 
1871, to 4*4266 tons in 1881, 4*5786 tons in 1891, and so on, to a maximum of 
4*6526 tons in 1941. But, according to this method, the consumption (not includ- 
ing coals exported) of the year 1873 would be nearly 0 millions less than the 
truth. Mr. Price Williams believed that the rate of increase of consumption of 
coal per head had passed its maximum, and was declining, whereas the most recent 
statistics show that between 1869 and 1873 the advance was more than double 
that in the interval 1865-69. The whole theory of Mr. Williams rested upon 
the assumption that there was a continuoua decease in the rate of increase of the 
population, whereas his own tables showed that this increase was, in the last 
decode (1861-71), 11*736 per cent, compared with 11*197 per cent., that of the 
decade 1851-1861. 

It is further pointed out that the remarks of the Commissioners upon the Coal 
Question ” proceed from an entire misapprehension of the arguments given in that 
book. No one asserted that the production of coal in Great Britain ever would 
rise to the higher quantities given by the geometric law of increase. The true 
conclusion drawn was, that we cannot long maintain our present rate of increase of 
consumption ; that we can never advance to the higher amounts of consumption sfup^ 
posed. But this only means that the check to our progress muk become perceptme 
within a century from the present twie7^ 

In the year 1^72 the price of coal rose in many places to a height two or three 
times its previous highest amount. This rise was in some respects exceptional, but 
was mainly due to the increeised demand which, in spite of the enormous price, 
advanced 6 per cent, per annum. The great increase in the number of colheries 
produced by the extraordinary demand, will no doubt render the price more mode- 
rate for some time to come ; but the coal famine of the years 1872-73 may be 
regarded as the first twinge of the scarcity which must come, and it has taught us 
that coal has now become the first necessary of life in this kingdom. 
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On, the Influence of the Sun-spot Period upon the Price of Corn, 
By Prof. W. Stanley Jevons, F,E,S. 


On the prevailing Mode of Preparation for Competitive Examinations. 
By D. MiCKTNTOSH. 


On the Value of European Life in India in its Social^ Political, and Economic 

Aspects, By F. J. Mouat, M.D., F.li.C.S., formerly Professor of Medicine 

and Medical Jurisprudence in the Medical College of Calcutta, 

The intention of this paper ia to show that the high mortality rates which 
have heretofore prevailed in India among civil and militar>^ lives were not neces- 
sarily due to climatic cauvses or to unavoidable tropical risks, but were largely 
attributable to bad hygienic conditions, imprudence oi living, unnecessary or reck- 
less exposure, and similar agencies. All of these were shown to be either removable 
by sanitary measures or to be so much within the personal control of individuals 
R9 to reduce the inevitable rislis to life of residence or service in India to a very 
moderate degree above the chances of prolonged existence in more temperate 
climates. In support of this view carefully prepared tables were produced of the 
deaths and invaliding among the European onicers of Il.M. British forces serving 
in India froiu 1801-70 inclusive. In these tables proof was aftbrded that in India 
diseases of the abdominal organs take the place of the contents of the chest in 
Great Britain as causing mortality, and that phthisis alone in the latter country 
destroyed a larger ratio of persons in the active period of life than cholera, hepatic 
disease, and dysentery combined did of Europeans in India ; while from all ordinary 
causes and diseases there was no material difference between the casualties of 
India and those of England. 

The gradual diininutiou of the death-rate in the English army in India within 
the present century from (>9 to 16 per thousand, the reduction of the ratio for 
civil life m the covenanted services in a similar proportion, and the ascertained 
death-rate of carefully selected ]iluropeau railway employtls in India, 10 per 1000, 
were all shown in their benrings on this great and important question. 

The conclusions at which Hr. Mouat arrived were, that in carefully selected lives 
of persons of prudent hcabits, in moderatelv comfortable circumstances, the risks to 
life in India were so little above those of England ns to render it perfectly safe to 
insure those lives at English rates, which rates are known to be largely in excess of 
the estimated and ascertained value of selected li\ es at home at corresponding ages. 

Dr. Mouat also considered briefly the question of the colonization of India by 
European settlers. This he regarded very much as a question of race ; and while 
he doubted the possibility of such colonization of tropical plains by the inhabitants 
of Northern Europe, he was of opinion that on the Steppes of Central Asia and 
the mountain-ranges of Hindostan it would be possible to rear as healthy, vigorous, 
manly, and intelligent a people as in any country in the world. 

As a social problem it was of great importance to determine that health and 
strenMh could he maintained in India at no undue risk ; as a political question 
it had equally important bearings on the large drain upon the manhood of Great 
Britain necessary for the maintenance of our Eastern Empire j and as an economic 
question it was scarcely secondary in interest, as aftbrding a wide and productive 
held for English capital and enterprise in assisting to develop the vast resources of 
that great dependency of England. 

On Legislative Protection to the Birds of Europe. 

By C. 0. Groom Napier, F.O.S., M.A.I. 

The author said that in 1864 he brought before the Association ten Tables on 
the Food of Birds as a plea for their legiSative protection. 

Having published the paper in the form of a small book, he hadl received 
acknowledgments from members of the Committee in the House of Commons on 
the Wild Birds’ Protection Bills that his work had been the text-book of thei* 
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Committee in the matter. He therefore wished to urge legislation in foreign 
f ountries with a view of preventing the diminution of insectivorous birds, especially 
which wintered in the south, and maintaining strongly the immense advantage of 
protecting birds in the breeding-season as a means of increasing vastly the value of 
a^cultural crops, and affirmed that the two years’ experience of good crops in 
England since the passing of the Act of 1872 was a proof of the correctness of his 
statement. With a view of putting this thoroughly to the test, he challenged all 
who were willing to join issue with him in the matter, both farmers, gardeners, 
landholders, sportsmen, and naturalists, to produce facte and be ready to answer 
his statement before the British Association next year. lie stated he had had the 
thanks, through their ambassador Count Munster, of the Imperial German Govern- 
ment for his information with reference to legislation in Europe on the matter, and 
was therefore anxious that the benefits of following the example of England might 
be apparent. The author reviewed the European species with reference to their 
economic value, and had in his hand recorded facts for the good of each bird. 


On the Acclimatization of the SilJcworm. By Mrs. Bladen Neill. 


Building Societies and the Act of 1874. By Thomas Francis Peacock. 

Building Societies are of three classes, Permanent, Terminating, and Bowkett.” 
Hitherto they have been governed by an Act passed in 1836 (6 and 7 Wm. IV. 
c. 32) ; but the recent Act (37 and 38 Vic. c. 42) removes several practical difficulties 
in their working. These are ( J ) • — In the mode of raising cjmital, the new Act giving 
a limited power to borrow money ; (2) in the liability of Members, the new Act 
expressly limiting it to the moneys paid or to the amount secured by mortgage ; (3) 
in joint Membership, the new A ct expressly authorizing it , ( 4 ) in payments to repre- 
sentatives of deceased Members, which may now be made up to £'50 without ad- 
ri inistration , (5) in the security to be given by Officers, which is now re(^uired from 
every officer having receipt or charge of money of the Society; (6) in the investment 
of surplus funds, which is now permitted on all the securities usually open to 
Trustees ; (7) in Societies uniting or transferring their engagements, which is now 
authorized and regulated ; (8 ) in winding up, which is now made easy and inexpensive ; 
(6) in the settlement of disputes, whudi may now be referred either to arbitrators, 
to the County Court, or to the Registrar, by either, of whom a case may be stated 
for the supreme court or discovery granted; and (10) in uncertainty of legislation, 
which is now removed by the Statute being a consolidation with amendments of the 
law on the question. The advantages ollered by the Act aie so important that 
Building Societies of all classes should avail themselves of them by becoming in- 
corporated. 

On the Industrial Position of Women as affected by their e.rchtsion 
from the Suffrage, By K. M. Priestman. 

The industrial resources of a people are best developed when every one exercises 
bis faculties fully. 

In England the tendency is towards this ideal condition : more men of the 
Upper ranks are engaged in trade and commerce now than formerly, and fewer men 
in the lower ranks are injuriously overworked. This tendency, however, though 
strongly marked amongst men, is not noticeable amongst women. The duties of 
mere housekeeping ai’e lighter than when brewing, spinning, «fec. were done at 
home; whilst those women who have to work for their bread are increasingly 
unable to gain employment, and those who have work are beset year by year with 
new drags and difficulties. In some callings higher education is required than used 
to be the case, and the educational standard is lower for girls than for boys, so they 
cannot compete fairly. Trade-unions forbid their members to take girls as appren- 
tices, so women cannot become skilled workers. The laws of the country hamper 
and harass women while they leave men free, so that the industrial value of 
women’s work bas sunk so low that in this city of Bristol women may be found 
making shirts for 2\d. eaoh. 

The improvement in the industrial value of men's work has always grown out of 



TRANSACTIONS OF THE SECTIONS. 


219 


certain political conditions. Induatrial progress and political freedom are so closely 
united tliat J ohn Bright spoke at a meeting of trade-unions and trade societies in 
1866 and said : — Your duty, your obvious duty, a duty from which you cannot 
e8caj)e,” is to bring all your organization to beai- on the working out of your 
political redemption.” The homes, the wages, the wealthy unions of enfranchised 
artisans, contrasted with the condition of unenfranchised agricultural labourers, 
seeking charity to fly from their tumble-down cottages and hopeless future here 
for lands across the sea, bear out the wisdom of his words. 

Why should not working women benefit, as working men have done, by the same 
means P It is said that the}^ do not stand in need of the suflrage because in all ranks 
men and women are so closel 3 ^ connected that the interests of every class of women 
are watched over by some men as if identical with their own The weakness of 
this assertion is shown by the fact that men make laws for women which men in 
the same position of life reject for themselves. The Factory Act of 1874 was 
pressed upon the consideration of Mr. Mundella by working men. Asa boon for 
working women, many of the factory women were very much against it, for they 
saw that less work meant less food or clothing ; some of them in Leeds had an 
interview with the candidates for the representation of the borough, and urged 
their views with cogent reasoning , they as courteously received as non-electors 
usually are. But the folly of electors has more weight in Parliament than the 
common sense of the unrepresented The Factory Act became law, and Parliament 
lent itself to one of the worst mistakes of the flrst Trade-Unions; for to limit the 
wages of men to one standard and to make a hard and fast line for the length of 
time women shall work, though difierent in detail, are one in principle. Women’s 
wages have already been reduced in many places where the Act applies ; women 
lose by the shilling or sixpence taken oft' their wages, and the country loses by the 
lesser productiveness of the d92,9^G hands employed in the manufacture of textile 
goods. Working women are beginning to be alarmed at the dangers which 
threaten them, and are forming unions for their owm protection. At the Trades 
(’ongress in January last, an excellent letter was read from Mrs. Paterson, tlie 
Secretary of a League iii London ; and the National Union of working women sent 
a delegate, to endeavour to dissuade the Congress from pressing for further legisla- 
tive restriction. The Congress strongly condemned such legislation for men, but 
upheld it for women ; they said they w ere acting entirely m tlic interests of women : 
and two delegates said women ought to be prevented from w'urking in some 
trades altogether, for the work w^as not fit for them ; and added, they took lower 
wages than men, and brouglit men’s wages down. A new element was here 
brought into the discussion, but no one took any notice of this ; and with only one 
dissentient (the women’s deh'gate) it was agreed that the Parliamentary Com- 
mittee should endeavour to obtain an extension of the Factory Act to other trades 
where women are employed. 

Women would not work twelve or fourteen hours a day for a mere pittance if 
they could earn bread more easily, nor follow repulsive callings if lighter trades 
yvere open to them. It is clear that the interests of working women arc not repre- 
sented by the class of men to whom thev belong, and that the industrial position 
of women is siiftering at their hands, "fhe policy is as short-sighted as it is selfish ; 
for if women have to live at all they must eat; and if they are shut out from indus- 
trial pursuits, they must live on the earnings of others, either on money supplied 
directly by individuals or indirectly by the State. A country must lose in wealth 
if a niunber of its inhabitants, who could be productive labourers, are made idle by 
force. If women yvorked for their own bread, they would spend their money again, 
aud stimulate other trades. Productive industry is in itself so expansive, 
that no one can determine the bounds which it shall not pass. In England, 
where the employers of labour are ever supplementing the toil of the workman hy 
new inventions, new machinery, there must be room for more labourers if the laws 
or the usages of society did not hold them back. The difficultv women find in 
getting work is not because there is none in the country to be done, hut because 
they are held in by artificial barriers, within which they crowd and jostle and 
tread one another down in a terrible struggle to live. If these arbitrary hindrances 
were taken awav, the industrial efforts of women would find ample and enriching 
scope ; to do this, to remove these barriers, they must have their due share in the 
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unmaking of those laws which now hedge them in on every side. Those whom 
Government can afford to forget must not expect to be fairly dealt with by the 
law. Not working women only but all women suffer.^ The loss from waste labour 
is not greater than the loss from waste thoughts prevailing up and down the king- 
dom in women’s minds. Incentives to industry that are powerful for men are 
wanting to women. 


Oyi Free Trade in Labour. By J). k. Spalding. 


Statistics of Free Fxihlic Libraries. By Miss Stamp. 

On the Comparative Mortality of Abstainers and Non- Abstainers from 
Alcoholic Liquors. By E. Vivian, M.A. 

From the returns of the United Kingdom Temperance and General Provident 
Institution established on the .‘list December, 1840, exclusively as a Total Absti- 
nence Life Assurance Sociel}', to whicl) a second department, open to the General 
Public, was added in the year 1847, the following statistics were given * — 

I. Pecuniary Kesiilts, "as shown by the Keversionary Bonus declared on the 
Premiums during successive quinquennial periods — 

Mean 


Year 

Sp(*iion. 

Per cent 


per cent 

Difference 

1860. 

Total Abstinence 

.35 to 86 

= 

01 1 

1 

20 


General 

26 to 50 

= 

41 j 

f 

18Ci5. 

Total Abstinence. . 

24 to 5(i 

= 

40 


6 


General 

17 to 52 

= 

84 j 


1870. 

Total Abstinence 

. 34 to 84 


69 ( 


25 

n 

General 

. 20 to 49 

= 

84 ( 



From this it appeared that the advantage in favour of the Total Abstinence 
Department was, in the five }ears ending 1800, as 61 to 41 ; in the period ending 
in 1865 as 40 to 34 ; and in 1870, as 50 to 34. 

As it might have been objected that the pecuniary results were affected by th(^ 
varying amounts of the cLiims under the Policies in the several Departments, h 
was considered advisable to calculate the expected and actual deaths,- the follow- 
ing were the results .— 

In the Total Ahsti- In the General 

nence Department, Department. 



Expected 

Iteaths. 

Actual 

Deaths. 

r~ 

Expected 

Deaths. 

Actual 

Deaths. 

1866-70 

( 549 

400 

. 1008 

944 

(five years). 

) Difference 

-143 

Difference 

-04 

1871-74 

j 501 

390 

994 

1027 

(four years). 

1 Difference 

-171 

Difference 

+ .33 

Totals (nine 

1 1110 

790 

2002 

1971 

years). 

I Difference —.314 

viz. 25 per cent, below 
the average. 

Difference -31 

viz. 2 per cent, below 
the average. 


In the last Report of the Institution presented at the Annual J\!eetingon May 25, 
1875, the Actuary reported the Mortality on Whole Life Policies to have been a i 
follows Expected Claims in the Total Abstinence Department 163, for £20,648 ; 
Actual Claims 110, for £24,688. 

In the General Department — Expected Claims 268, for £54,092 ; Actual Claims 
£678, for 28,006. 


On the Science of Capital and Money. By W. Wtstoarth. 
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MECHANICAL SCIENCE. 

Address hy William Frotjde, Esq,, C.K, M,A, F,E,S,, President of 
the Section, 

The address of the President of a Section would year by year possess an appro- 
priate interest, if it could always consist of an exposition of the progress made during 
the past year in the department of science which the Section embraces. And 
many of the addresses to this and other sections have conformed to this pattern 
with marked success. 

But the adequate preparation of an address shaped in this approved mould 
would require a range of experience and a grasp of thought such as few possess ; 
and custom has wisely sanctioned a type of address which, though less appropriate 
to the occasion, need not be either uninteresting or inapposite. And we, in this 
Section, have not to search far for instances in which its President has cnarmed 
and instructed us by a masterful exposition of some single subject in practical 
science, or by a timely reminder of the improvident manner in which we deal with 
some precious store of natural wealth. 

I must express a hope that it will not be regarded as a conversion of liberty into 
licence, if the subject I have chosen obliges me to introduce a further innovation, 
and to use diagrams and experiments in order to make my meaning clear. 

I propose to treat of certain of the fundamental principles which govern the be- 
haviour of fluid, and this with special reference to the resistance of ships. By the 
term resistance ” I mean the opposing force which a ship experiences in its pro- 
gress through the water. 

Considering the immense aggregate amount of power expended in the propulsion 
of ships, or, in other words, in overcoming the resistance of ships, I trust you will 
look iavourably on an attempt to elucidate the causes of this resistance. It is true 
that improved results in ship-building have been obtained through accumulated 
experience ; but it unfortunately happens that many of the theories by which this 
experience is commonly interpreted are interwoven with fundamental fallacies, 
which, passing for principles, lead to mischievous results when again applied 
bey^ond the limits of actual experience. 

The resistance experienced by ships is but a branch of the general question of the 
forces which act on a body moving through a fluid, and has within a compara- 
tively recent period been placed in an entirely new light by what is commonly 
called the theory of stream-lines. 

The theory as a whole involves mathematics of the highest order, reaching alike 
beyond my ken and my purpose ; but I believe that, so far as it concerns the resist- 
ance of ships, it can be sufficiently understood without the he^ of technical mathe- 
matics ; and I will endeavour to explain the course which I have myself found 
most conducive to its easy apprehension. 

It is convenient to consider first the case of a completely submerged body moving 
in a straight line with uniform speed through an unlimited ocean of fluid. A fish 
in deep water, -a submarine motive torpedo, a sharp-ended sounding-lead while 
descending through the water, if moving at uniform speed, are all examples of the 
case I am dealing with. 

It is a common but erroneous belief that the resistance to its onward motion ex- 
perienced by such a body thus moving, originates in an increase of pressure through- 
out its head end, and a diminution of pressure throughout its tail end. It is thus 
supposed that the entire head end of the body has to Keep on exerting pressure to 
dnve the fluid out of the way, to force a passage for the body, and that the entire 
tail end has to keep on exerting a kind of suction on the fluid to induce it to close 
in again — that there is, in fact, what is termed plus pressure throughout the head 
end of the body and minus pressure or partial vacuum throughout the tail end. 

This is not so ; tiie resistance to the progress of the body is not due to these 
causes. The theory of stream-lines discloses to us the startling but true propo- 
sition, that a submerged body, if moving at a uniform speed through a perfect 
1876. 17 
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fluid, would encounter no resistance whatever. By a perfect fluid, I mean a fluid 
which is free from viscosify, or auasi-solidity, and m which no friction is caused 
by the sliding of the particles of the fluid past one another, or past the surface of 
the body. 

The property which I describe as quasi-solidity ” must not be confused with 
that which persons have in their minds when they use the term solid water.’^ 
When people in this sense speak of water as being solid,” they refer to the sen- 
saiion of solidity experienced on striking the water-surface with the hand, or to 
the reaction encountered by an oar-blade or propeller. What I mean by “ quasi- 
solidity,” is the sort of stiiihess which is conspicuous in tar or liquid mud j ana this 
property undoubtedly exists in water, though in a very small degree. But the sen- 
sation of solid reaction which is encountered by the hand or the oar-blade is not 
in any way due to this property, but to the inertia of the water : it is in efiect this 
inertia which is erroneously termed solidity ; and this inertia is possessed by the 
perfect fluid with which wo are going to deal, as fully as by water. Nevertheless 
it is true, as I am presently going to show you, that the perfect fluid would offer 
no resistance to a suomerged body moving through it at a steady speed. It will bo 
seen that the apparent contradiction in terms which I have just advanced is cleared 
up by the circumstance, that in the one case we are dealing with steady motion, 
and in the other case with the initiation or growth of motion. 

In the case of a completely submerged body in the midst of an ocean of perfect 
fluid, unlimited in every direction, 1 need hardly argue that it is immaterial 
whether we consider the body as moving uniformly through the ocean of fluid, or 
the ocean of fluid as moving uniformly past the body. 

The proposition that the motion oi a body through a perfect fluid is unresisted, 
or, what is the same thing, that the motion of a perfect fluid past a body has 
no tendency to push it in the direction in which the fluid is flowii^, is a novel 
one to many persons ; and to such it must seem extremely startling. It arises from 
a general principle of fluid motion, which I shall presently put before you in detail — 
namely, that to cause a perfect fluid to change its condition of flow in any manner 
whatever, and ultimately to return to its original condition of flow, does not require, 
nay, does not admit of, the expenditure of any power, whether the fluid be caused 
to flow in a curved path, as it must do in order to get round a stationary body 
which stands in its way, or to flow with altered speed, as it must do in order 
to get through the local contraction of channel which the presence of the sta- 
tionary body practically creates. Power, it may indeed be said, is first expended, and 
force exerted, to communicate certain motions to the fluid ; but that same power 
will ultimately he given hack, and the force counterbalanced, when the fluid yields 
up the motion which has been communicated to it, and returns to its original con- 
dition. 

I shall commence by illustrating tho action on a small scale by fluid flowing 
through variously shaped pipes j and I must premise that in the greater part of 
what I shall have to say, I shall not require to take account of absolute nydro- 
static pressures. The flow of water through pipes is uninfluenced by the absolute 
pressure of the water. 

I will begin with a very simple case, which I will treat in some detail, and 
which will serve to show the nature of the argument I am about to submit to you. 

Suppose a rigid pipe of uniform sectional area, of the form shown in fig. 1 
(Plate IX.), something like the form of the water-line of a vessel. 

The portions A B, B C, C D, D E are exposed to be equal in length, and of 
the same curvature, the pipe terminating at E m exactly the same straight line in 
which it commenced at A, so that its figure is perfectly symmetric on either side 
of G, the middle point of its length. 

Let ufl now assume that the pipe has a stream of perfect fluid running through 
it from A towards E. and that the pipe is free to move bodily endways. 

It is not unnatural to assume at fiist sight that the tendency of the fluid would 
be to push the pipe forward, in virtue of opposing surfaces offered by the bends 
in it — that both the divergence between A and 0 from the original line at A, and 
the return between C ana E to that line at E, would place pai*ts of the interior 
surface of the pipe in some manner in opposition to the stream or ffow; and that the 
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flow thus obstructed would drive tbe pipe forward ; but if we endeavour to build 
up these supposed causes in detail we find the reasoning to be illusory. 

I will now trace the results which can be establishea by correct reasoning. 

The surface being assumed to be smooth, the fluid, being a perfect fimd, ^ 
exercise no drag by friction or otherwise on the side of the pipe in the direction 
of its length, and in fact can exercise no force on the side of the pipe, except 
at right angles to it. Now the fluid flowing round the curve from A to^ will, no 
doubt, have to be deflected from its course, and, by what is commonly known as 
centrhFugal action, will press against the outer side of the curve, and this with a 
determinable force. The magnitude and direction of this force at each portion of 
the curve of the pipe between A and B are represented by the small arrows marked 
/; and the aggregate of these forces between A and B is represented by the larger 
arrow marked G. In the same way the forces acting on the parts B 0, 0 D, and D E 
are indicated by the arrows H, I, and J ; and as the conditions under which the fluid 
passes along each of the successive parts of the pipe are precisely dike, it follows 
that the four forces ai*e exactly equal, and, as shown by the arrows in the diagram, 
they exactly neutralize one another in virtue of their respective directions ; and 
therefore the whole pipe from A to E, considered as a rigid single structure, is 
suWect to no disturbing force by reason of the fluid running through it. 

Though this conclusion that the pipe is not pushed endwt^s may appear on 
reflection so obvious as to have scarcely needed el^orate proof, 1 hope that it has 
not seemed needless, even though tedious, to follow somewhat in detail the forces 
that act, and which are, under the assumed conditions, the onlp forces that act, on 
a symmetrical pipe such as I have supposed. 

Having shown that in the case of this special symmetrically curved pipe the 
flow of a perfect fluid through it does not tend to push it endways, I will now pro- 
ceed to show that this is also the case whatever may be the outline of the pipe, 
provided that its beginning and end are in the same straight line. 

Assume a pipe bent, and its ends joined so as to form a complete circular ring, and 
the fluid within it running with velocity round the circle. This fluid, by centri- 
fugal force, exercises a uniform outward pressure on every part of the uniform 
curve ; and this is the only force the fluid can exert. This pressure tends to tear 
the ring asunder, and causes a uniform longitudinal tension on each part of the 
ring, in the same manner as the pressure wi^in a cylindrical boiler makes a uni- 
form tension on the shell of the boiler. 

Now, in the case of fluid running round within lings of various diameter, just 
as in the case of railway trains running round curves of various diameter, if the 
velocity along the curve remain the same, the outward pressure on each part of the 
circumference is less, in proportion as the diameter becomes greater ; but the cir- 
cumferential tension of the pipe is in direct proportion to the pressure and to the 
diameter ; and since the pressure has been shown to be inversely as the diameter, 
the tension for a given velocity will he the same, whatever be tne diameter. 

Thus, if we take a ring of doubled diameter, if the velocity is unchanged, the 
outward pressure per lineal inch will be halved j but this halved pressure, acting 
with the doubled diameter, will give the same circumferential tension. 

Now this londtudinal tension is the same at every part of the ring ; and if we cut 
out a piece of the ring, and supply the longitudinal tension at the ends of the piece, 
by attaching two straight pipes to it tangentially (see Plate IX. fig. 2), and if we 
maintain the flow of the fluid through it, the curved portion of the pipe will be under 
just the same strains as when it formed part of the complete ring. It will be subject 
merely to a longitudinal tension; and if the pipe thus formed be flexible, and fas- 
tened at the eMs, the flow of fluid through it will not tend to disturb it in any 
way. Whatever be the diameter of the ring out of which the piece is assumed to lie 
cut, and whatever be the length of the segment cut out of it, we have seen that the 
longitudinal tension will he the same if the fluid be moving at the same velocity ; 
so Siat, if we piece together any number of such bends of any lengths and any 
curvatures to form a pipe of any shape, such pipe, if flexible and ikstened at tba 
ends (see fig. 8), will not be disturbed by tne flow of fluid tHlMugh it j and tbo 
equilibrium of each portion and of the whole of the combined pipe will be satlafiei 
by a uniform tension along it. 

17 * 
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Further; if the two ends of the pipe are in the same straight line, pointing away 
froih, one another (see Plate IX. ng. 4), since the tensions on the ends of the pipe 
are equal and opposite; the how of the fluid through it does not tend to push it 
bodily endways*. 

This is the point which it was my object to prove ; but in the course of this 
proof there has incidentally appeared the further proposition^ that a flexible, tor- 
tuous pipe^ if fastened at the ends, will not tend to^ disturbed in any way by the 
flow of fluid through it. This proposition may to some persons seem at first sight to 
be so paradoxical as to cast some doubt on the validity of the reasoning which has 
been used j but the proposition is nevertheless true, as can be proved oy a closely 
analogous experiment, as follows : — 

Imagine the ends oi the flexible tortuous pipe to be joined so as to form a closed 
figure (see fig. 6), there will then be no need for the imagine^ fastenings at the 
ends, since each end will supply the fastening to the other. Then substitute for 
the nuid flowing round the circuit of the pipe, a flexible chain, running in the same 
path. In this case the centrifugal forces of the chain running in its curved path are 
similar to those of the fluid flowing in the pipe ; and the longitudinal tension of the 
chain represents in every relevant particular the longitudinal tension on the pipe. 

As a simple form of this experiment, if a chain be set rotating at a very high 
velocity over a pulley in the manner shown in fig. 6, it will be seen that the cen- 
trifugal forces do not tend to disturb the path of the running chain ; and indeed, 
the velocity being extremely great, the forces, in fact, tend to preserve the path of 
the chain in opposition to any disturbing cause. On the other hand, if by suffi- 
cient force we disturb it from its path, it tends to retain the new figure which has 
been thus imposed upon it (see fig. 7). 

The apparatus with which I am about to verify this proposition has been lent to 
me by Sir W. Thomson. It is one which he has used on many occasions for the 
same purpose ; and I must add that the proposition in his hands has formed the 
basis of conclusions incomparably deeper and more important than those to which 
I am now directing your attention. 

You observe, the chain when at rest hangs, in the ordinary catenary form, from 
a large pulley with a ve^ wide-mouthed groove and mounted in a frame which is 
secured to the ceiling, fiy a simple arrangement of multiplying bands the pulley 
is driven at a high speed, carrying the chain round by the irictional adhesion of 
its upper semi-circumference. When at its highest speed the chain travels about 
40jMr second. 

The idea that the chain when thus put in motion will be disturbed by its centri- 
fugal force from the shape it holds while at rest, must point to one of two con- 
clusions j either (1) the chain will tend to open out into a complete circle, or (2) 
it will on the contrary tend to stretch itself at its lower bend to a curvature of 
infinite sharpness. 

But you observe that no tendency to either change of form appears. On the 
contrary, the chain, instead of taking spontaneously any new forai in virtue of its 
centrifugal force, has plainly assumed a condition under which it is with difficulty 
disturbed, alike from its existing form, or from any other which I communicate to 
it by violently striking it. Such blows locally indent it almost as they would bend 
a bar of lead. 

In spite, however, of this quasi-rigidity which its velocity has imparted to it, it 
does, it left to itself, slowly assume, as you perceive, a curious little contortion, 
both as it approaches and as it recedes from the lower bend of the catenary ; and it 
is both interesting and instructive to trace the cause of the deformation. 

I have already explained that the speed of the chain subjects it throughout to 
longitudinal tension. Speaking quantitatively, the tension is equal to the weight 

of a length of the chain twice the height due to the velocity. This is ~ j and this, 

1600 ^ 

as the speed is about 40 feet per second, =* ^ or with this chain about 

14 lbs. 


* See Appendix, Note A. 
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Now in travelling through the lower bend of the caten^, the chain passes from 
being.nearly straight, to being sharply curved and immediately straightened again ; 
and this change of form involves a continued pivoting of link within link, the fric- 
tion being called into action by the tension which presses the surfaces together. 
Each link thus in succession resists this pivoting with a definite force, and the 
resistance, in effect, converts what appears to be a perfectly flexible combination 
into one possessing a tangible degree of stiffness ; and the oblique attitude assumed 
by the cnaiu as it approaches the bend, and the slight back turn which it assumes 
as it emerges from the bend, are alike consequences of this factitious stifihess. 

For, in virtue of gravity, the running chain, like the chain at rest, tends always 
to maintain the original catenary j and in virtue of its speed of rotation, it seeks to 
maintain (not preferentially the catenary, but) srhatever form it for the moment 

S )S8esses. Hence its departure from the true catenary was, as you saw, gradual, 
ut when the figure of equilibrium is once attained, the persistency of form im- 
parted by velocity, serves to maintain this figure as indifferently as any other. 
Hence the figure is that in which equilibrium subsists between the force of gravity 
seeking to restore the catenary, and the factitious stifihess resisting the necessity 
of bending and unbending. 

The slowness with which the form is assumed, and its steady persistency when 
once assumed, alike bear witness to the truth of the proposition which it is the 
obji^t of the experiment to verify. 

The stream of fluid in the tortuous flexible pipe would behave in a strictly 
analogous manner. 

It might at first sight appear that I have now the materials for the proof of my 
chief proposition, the assertion of the unresisted progress of a submerged bodyj for 
such a body might be assumed to be surrounded oy a system of imaginary pipes, as 
shown in Plato IX. fig. 8; and each of these pipes being in equilibrium endways, that 
is to say, the flow of fluid through it not tending in the aggregate to move it endways, 
neither, it might he said, would the flow of fluid tend to move the submerged body 
endways. But this reasoning would not be sound. The pipes we have hitherto been 
considering have been of uniform sectional area throughout their length, an assump- 
tion whyh has been necessary to the treatment pursued, as the velocity has in each 
case been assumed to he uniform throughout the pipe. The section of the pipe may 
have been square, circular, trapezoidal, or any other form ,* but the area of the section 
has been assumed to be the same throughout the length of the pipe. 

But pipes of uniform sectional area do not truly represent the flow of a fluid post 
a submerged body. I shall presently ask you to consider the fluid as flowing past 
the body through a system of imaginary pipes j but to render the assumption ad- 
missible, the sides of the imaginary pipes must not be so placed as to interfere with 
the established course of the fluid, whatever that may be ; in other words, if, for 
the sake of illustrating the behaviour of the fluid, we assume that it is divided into 
streams or filaments flowing through imaginary pipes, we must accept such a form 
for those imaginary pipes that their sides exactly follow the path of the adjacent 
particles of fluid. 

Now such a rule may, and probably will, require the imaginary pipes to be of 
varying sectional area throughout their length. Therefore, before we can apply 
the analogy of the flow of fluid through pipes to the flow of a fluid past a sub- 
merged body, it is necessary to consider the behaviour of fluid in pipes of varying 
sectional area. 

It is, I think, a very common but erroneous impression, that a fluid in a pipe 
exercises, in the case of its meeting a contraction (see fig. 0), an excess of nressure 
against the entire converging surface which it meets, and. that, conversely, as it 
enters an enlargement (see fig. 10) a relief of pressure is experienced by the entire 
diverging surface of the pipe. Further it is commonly assumed that, when passing 
through a contraction (see fig. 11), there is in the narrow neck an excess of pres- 
sure due to the squeezing together of the fluid at that point. 

These impressions are in no respect correct ; the pressure at the smallest part of 
the pipe is, in fact, less than that at any other point, and vice versd. 

If a fluid be flowing along a pipe which has a contraction in it (see %. 12), 
the forward velocity of the fluid at B must be greater than that at A, in the pro- 
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poTtlozi m which the sectional ajrea of the pipe at B is less than that at A ; and 
therefore while passing from A to B the forward velocity of the fluid is being 
increased. This increase of velocity implies the existence of a force acting in the 
direction of the motion ; that is to say, each particle which is receiving an increase 
of forward velocity must have a greater fluid pressure behind it than in front of it ; 
for no other condition will cause that increase of forward velocity. Hence a jiar- 
ticle of fluid, at each stage of its progress along the tapering contraction, is passing 
from a region of higher pressure to a remon of lower pressure, so that there must be 
a greater pressure in the larger part of the pipe than in the smaller, and a diminution 
of pressure at each point corresponding with the diminution of sectional area; and 
this difference of pressure must be such as to supply the force necessary to establish 
the additional forward velocity required at each point of the passage of the fluid 
through the contraction. Consequently, differences of pressure at different points 
in the pipe depend simply upon the velocities at those points, or, in other words, 
on the relative sectional areas of the pipe at those points*. 

It is simple to apply the same line of reasoning to the converse case of an enlarge- 
ment. Here the velocity of the particles is being reduced through precisely the 
same series of changes, but in an opposite order The fluid in the larger part of 
the pipe moves more slowly than that in the smaller, so that, as it advances into the 
enlargement, its forward velocity is being checked ; and this check implies the ex- 
istence of a force acting in a direction opposite to the motion of the fluid, and each 
particle being thus retarded must therefore have a greater fluid pressure in front of it 
than behind it ; thus a particle of fluid at each stage of its progress along a tapering 
enlargement of a pipe is passing from a region of lower pressure to a region of higher 
pressure. As is well known, the force required to produce a given change of velocity 
IS the same, whether the change be an increase or a decrease. Hence, in the case of 
an enlargement of a pipe, as in the case of a contraction, the changes of velocity 
can be satisfied only by changes of pressure, and the law for such change of pres- 
sure will be the same, mutatis mutandis. 

.In a pipe in which there is a contraction and a subsequent enlargement to the 
same diameter as before (see fig. 11), since the differences of pressure at different 
points depend on the differences of sectional area at those points, by a law 
which is exactly the same in an enlarging as in a contracting pipe, any points 
which have the same sectional area will have the same pressures, the pressures 
at the larger areas being larger, and those at the smaller areas smaller. 

Precisely the same result will follow in the case of an enlargement followed by 
a contraction (see Plate IX. fig. 13)t. 

This proposition can be illustrated by experiments performed with water. 

Figs. 14, 16, show certain pipes, the one a contraction followed by an enlarge- 
ment, and the other an enlaigement followed by a contraction. At certain points 
in each pipe, vertical gauge-glasses ore connected, the water-levels in which 
severally indicate the pressm'es in the pipe at the points of attachment. 

In fig. 14 the sectional areas at E and P are equal to one another. Those at 0 
and K are likewise equal to one another, but are smaller than those at E and P. 
The area at I is the smallest of all. Now, if the water were a perfect fluid, the 
pleasures P Q and E I) would be equal, and would be greater than C H and K N. 
C H and K N would also be equal to one another, and would be themselves greater 
than I J. 

The results shown in fig. 16 are similar in kind, equal pressures corresponding to 
equal areas. 

As water is not a perfect fluid, some of the pressure at each successive point is 
lost in friction; and tms growing defect in pressure is indicated in the successive 
gauge-glasses in the manner shown in figs. 16, 17. 

As the pressure of the perfect fluid in the pipe at any point depends upon the 

• See Appendix, Note B. 

t In a perfect fluid, we may say, in a sense, that the vis viva of each particle remains 
constant. If the particle is stationary, the vis mva is entirely represented oy the pressure ; 
if it be under no pressure, the vis viva is entirely represented by the velocity ; if it be 
moving at some intermediate velocity, the vis viva is partly represented by the pressure 
Wld pal^y by the velocity. 
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sectional area at that point, it follows that the amounts of the pressures are inde- 
pendent of the distance, as measured along the pipe, in which tne area of the pipe 
alters ; so that if in the pipe shown in Plate IX. fig. 18 the areas at all the points 
marked A. are equal, if also the areas at all the points marked B are equal, and so 
also with those at C and D, then the pressures at all the points A will be the same, 
the pressures at all the points B will be the same, and so with those at 0 and D. 

Since, then, the pressure at each point depends on the sectional area at that 
point and on that only, it is easy to see that the variations in pressure due to the 
flow, are not such as can cause any total endways force on the pipe, provided its 
sectional area at each end is the same. 

Take the pipe shown in fig. 19. The conical portion of pipe AB presents 
the same area of surface effective for endways pressure as does the conical 
portion HI, only in opposite directions. They are both subject to the same pres- 
sure, being that appropriate to their effective mean diameter J. Consequently 
the endwap pressures on these portions are equal and opposite and neutralize one 
another. Precisely in the same way it may be seen that the endways pressures 
on B 0, C D, D E exactly counteract those on G H, F G, E F ; and in precisely the 
same way it may he shown that in any comhination whatever of enlargements and 
contractions, provided the sectional area and direction of the pipe at the two ends 
are the same, the total endways efiect impressed on the pipe by the fluid flowing 
through it must be nil. 

In the experiment I am about to show you, the several propositions which I 
have been elucidating will be seen to be verified step by step, if due allowance be 
made for the effect of friction. 

A cistern (see Plate X. fig. 20), in which a definite head of water is maintained, 
discharges itself through a continuous series of pipes, which, in their local changes 
of diameter, exhibit the several characteristic features which have been imder con- 
sideration. 

From a to c at the outlet end, we have a contraction followed by an enlarpment : 
from eio g the diameter is uniform ; from ^ to / we have an enlargement folio wed 
by a contraction. At the various critical features are fitted gauge-glasses such as 
have been described, so that the level at which the water stands in each indicates 
the pressure in the pipe at the point of attachment. 

The series of pipes is laid out on an inclination which represents the mean resist- 
ance due to friction, or the head ’’ lost by friction, between the cistern and the 
outlet — in other words, the hydraulic mean gradient. 

The mean diameter of the contracted part between a and c has been so deter- 
mined by well-known hydraulic rules, that when it is compared with the adjoining 
parallel pipe, the hydraulic gradient shall be the same in each. 

You ODservo that while the levels at which the water stands in the several gauge- 
glasses, correspond from end to end with the gradient from the head in the cistern 
to the head at the outlet, when examined in detail they verify throughout the 
propositions I have been establishing. 

For if for the moment we regard the gradient as virtually level, the depressions 
of the several columns below it due to varying velocity of flow should be mversely 
as the fourth powers of the several diameters ; but the local frictional gradient 
should be is inversely as the fifth power of the diameter, and thus steepest where 
the diameter is smallest. And, broadly speaking, the results plainly conform^ to 
these rules. As a quantitative verification I point out that by careful calculation 
the mean diameter, and therefore the gradient from «' to o', is the same as that for 
the parallel pipe from e' to and the result agrees exactly with the calculation. 

In dealing with pipes of varying sectional area I have hitherto treated only of 
the modifications caused in the forward motion of the particles of fluid ; for I have 
limited the argument to cases where the alteration in sectional area of the pipe is 
so gradual that, practically, the only alteration in the motion of the particles is 
that in their forward velocity ; but I have previously shown that tortuosity in a pipe 
of uniform diameter does not introduce endways pressure, provided the initial and 
terminal directions are the same ; and it is easy to see that an elongated system of 
such gradually tapered pipes as we have been considering may be also tortuous 
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without introducing endways pressure. Now tortuosity of flow is but another 
word for sideways deviation of flow. 

This leads us* up to the case of more sudden contractions or enlargements in 
pipes^ where the particles next the sides of the pipes have to follow their surfaces 
and must therefore be moved rapidly sideways in tneir course. 

We will, for simplicity, consider the case of a contraction (see Plate XI. fig. 21), 
and one in which the pipe resumes the same diameter beyond the contraction. 

The particles along the central line pursue a straight course, and are subject 
only to the changes of pressure necessary to induce the changes of velocity. 

To consider the behaviour of the other particles, let us assume that we insert 
a number of perfectly thin partitions (see fig. 22), which we lay in such a manner that 
they exactly follow the paths of the particles of fluid at each point, so as not in 
any way to affect their motion ; these partitions are quite imaginary, and merely 
assist us in looldr^ upon the entire fluid in question as divided into a number of 
small streams. These streams are generally curvilinear, and vary in sectional 
area ; and at the point beyond the contraction where the pipe resumes its former 
sectional area, we shall naturally find these minor streams occupying the same 
sectional area as before, and moving with the same velocity as before. 

Now each of these small streams is exactly represented by a stream of fluid 
flowing within a pipe, that pipe being curvilinear and gradually varying in sectional 
area, and its two ends being of the same sectional area and m the same straight 
line. We have seen that in the case of such a stream the sum total of all 
the forces due to its motion has no resultant longitudinally j and this will be 
equally the case, whether the envelope of the stream be an actual pipe or the 
mutual pressure of adjacent streams ; this envelope will not be moved endways by 
the flow of the fluid. What is true of each stream is true of all put together ; and 
thus it follows that the whole body of fluid which these separate streams constitute, 
does not exert any endways force ; or, in other words, there will be equilibrium or 
fluid forces throughout the passage of the fluid through a local contraction in a 
pipe, such as we have been considering. The same line of argument evidently 
holds good in the case of an enlargement, where the pipe beyond the enlargement 
regains the same diameter as before. 


In illustration of the conclusions which have been thus far established, if we 
had a perfect fluid with which to try the experiment, we might exhibit a very 
instructive and striking result. 

Assume a stream of perfect fluid flowing through a pipe of very large diameter, A B 
C, with a contraction m it, at B, as shown in fig. 23, and that the equal pressures at 
A and C on either side of the contraction are indicated by the head of fluid in pres- 
sure-gauges A D, C E — the pressure at B, which will be*^ less, being represented by 
the height B F. Now, the condition of the pipe at A will be just the same if we sup- 
pose the pipe supplied from a large cistern G, as shown in fig. 24 ; and the ^pro- 
priate pressure at A will be maintained if the fluid stands in the cistern GT at a 
height H, emial to the head A D in the pressure-gauge. So, again, the condition of 
the pipe at C will be the same if the pipe discharges into a cistern, I ; and the appro- 
priate pressure at C will be maintainea, and can only be maintained, if the water 
m the cistern stands at a height J, equal to the head 0 E in the pressure-gauge, 
which is, in fact, the same level as H in the cistern G ; so that if we once esta- 


blish the motion through the pipe ABC, and maintain the supply of fluid, we 
shall have the fluid running rapidly, and continuing to run -with unabated 
rapidity, from one cistern into another, though both are at the same head. 

If we take such a condition of things that the pressure at B is zero, or, in other 
words, if the velocity at B is that due to the head A D, then we might cut ihe 
pipe at B and separate the two cisterns, and we should find the fluid issuing at 
B in a jet, and re-entering the pipe again at K, and rising as before in the cistern 
I to the same level with a perpetual flow. 

The experiment here suggested is, if rightly understood, only a specialized 
instance of the properties of what in the previous experiment was termed a con- 
traction followed by an enlargement ; it is, in fact, as if in that experiment the 
diameter of the contracted part had been so far reduced that the pressure within it 
would have sunk apparently to zero — ^that is to say, in reality, to the pressure of 
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the atmosphere ; in that case, of course, the pipe which enclosed that portion of 
the stream would have become simply an inert envelope, and might have been 
removed without affecting the dynamic properties of the stream. Theoretically, 
indeed, with the frictionless fluid the contraction of jot might be carried so far as 
not merely to obliterate all positive pressure, but to produce a negative pressure 
equal to that of the atmosphere. Por, in fact, the conditions thus brought into 
operation would be in eflect identical with those which would exist if the experiment 
were performed m vacuo, and the head in cistern and at the outlet were Doth in- 
creased by 34 feet ; but the theoretical possibility thus indicated is greatly curtailed 
by friction ; and the illustrative experiment I am about to exhibit deals only with 
the case in which the pressure at tne contraction is reduced apparently to zero, or 
in reality, as I have said, to that of the atmosphere. 

In the apparatus as here arranged (see Plate XI. fig. 25), consisting of the dis- 
charging and the recipient cistern, with the intervening jet-onfico and recipient- 
orifice, the overflow of the lecipient cistern is at 18 inches above the centre of the 
orifices. 

As I continue to fill the discharge cistern, you observe the jet shoots across the 
open space between the orifices, and the v ater-level continues to rise in the recipient 
cistern j and so long as the head in the former is maintained at a moderate height 
above that in the latter, the whole of the stream enters^ the rccipient-orifice, and 
there is no waste except the small sprinkling which is occasioned by inexactness of 
aim, and by the want of exact circularity in the orifices. 

When the head in the recipient has reached the overflow, and thus remains at a 
steady height of 18 inches above the orifices, the i irtually complete reception is 
insured by maintaining a head of 20^ inches in the discharging cistern, or an excess 
of head of inches on the discharge side ; and this excess, in eflect, represents the 
energy wasted in friction. 

You observe that ns I diminish the supply of water and allow the excess of head 
in the discharger to become reduced, a steadily increasing waste becomes established 
between the orifices ; and it is interesting to trace exactly the manner in which the 
fnction operates to produce this result. 

If the conoids of discharge and reception are tolerably short as they are here, it 
is the outer annuli or envelopes of the stream which are in the first instance affected, 
that is to say retarded, by fnction ; and the escape or waste between the orifices 
implies that this surface -retardation has reduced the velocity of those envelopes 
below that due to the head in the recipient ; thus an annular counter-current is 
able to establish itself, and in fact constitutes a counter discharge from the recipient. 

As the head in the discharger is more and more reduced, the diminishing velocity 
of the central inflow into the recipient offers less and less frictional resistance fo the 
annular counter-current which envelops it, and the waste continually increases; 
it is probable, however, that to the last the velocity of the central zones of the jet 
remains equal to that due to the head in the discharger ; and hence you will observe 
that unless this is reduced below the level of the overflow, tlie head in the recipient 
is fully maintained to that level, though the whole quantity discharged is wasted 
between the orifices. 

When the supply is altogether cut off’, both cisterns simultaneously empty them- 
selves, the two jets meeting between the orifices and becoming spread into a beau- 
tiful plane disk or film of water at right angles to the line of discharge ; but you will 
notice that from some inequality in the commencement of the action, and to some 
extent probably from a quasi-instability in the eq^uilibrium of the double discharge, 
one of the jets will presently for a moment get the better of the other and drive it 
back so as almost to airest its flow, and thus for the moment arrest also the waste of 
head on that side ; hut the momentaiy excess of head thus occasioned, almost in- 
stantlv asserts its superiority, producing a jet of superior force, and thus driving 
back for a moment the opponent by which it had just before been mastered. Thus 
a curious oscillation of discharge ensues, which is to a large extent a true dynamic 
phenomenon somewhat analogous to that which becomes established in an invwied 
siphon partly tilled with water, if for a moment the head is increased in one of the 
legs ; the reaction which in the siphon is furnished by the other leg, beyond the bend, 
is, in the case before you, furnished by the dynamic reaction of the jets ; but the cir- 
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cumstances here involve an instability wbich does not exist there, so that the small 
initial disturbance presently magnifies itself into one of considerably greater range. 

This curious corollary phenomenon of the alternated retardation of discharge, 
though not strictly relevant to the main object of the experiment, is nevertheless 
highly interesting in itself, and tends to enlarge our apprehension of some of the 
characteristic features of fluid dynamics. 

In this treatment of the propositions concerning the flow of fluid through pmes, 
I have at length laid the necessary foundation for the treatment of the case oi the 
flow of an infinite ocean past a submerged body. I have shown these propositions 
to be based on principles which are undeniable, and the conclusions worn which, 
when they soonied in any way startling or paradoxical, you have seen confirmed 
by actual experiment. 

I have dealt with the case of a single stream of uniform sectional area (and there- 
fore of uniform velocity of flow) enclosed in a pipe of any path whatever j I have 
dealt with the case of a single stream of very gradually varying sectional area and 
velocity of flow ; and I have dealt with the case of a combination (or faggot, as it 
were) of such streams, each to some extent curved and to some extent varying in 
sectional area, together composing the whole content of a pipe or passage having 
enlargements or contractions in its course ; and in all these cases 1 showed that, 
provided the streams or pipe-contents finally return to their original path and their 
original velocity of flow, they administer no total endways force to the pipe or 
channel which causes their deviations.^ 

I am now going to deal with a similar combination of such streams, which, 
when taken together, similarly constitute an infinitely extended ocean, flowing 
steadily past a stationary submerged body j and here also I shall show that the 
combination of curved streams surrounding the body, which together constitute the 
ocean flowing past it, return finally to their original direction and velocity, and 
cannot administer to the body any endways force. 

The argument in this case is, in reality, precisely the same as that in the case of 
the contractions and enlargements in pipes which I have already dealt with ; for, 
in fact, the flow of the ocean past the stationary submerged body is only a more 
general case of the flow of fluid through a contracted pipe j but, though the cases 
are really the same, there is considerable difference in their appearance ; and there- 
fore I will proceed to point out how the arguments I have already used apply 
equally to this case. 

Every particle of the fluid composing the ocean that passes the body must 
undoubtedly follow some path or other, though we maj^ not be able to find out 
what path ; and every particle so passing is preceded and followed by a continuous 
stream of particles all following the same path, whatever that may be. We 
may, then, in imagination, divide the ocean into streams of any size and of any 
cross-section we please, provided they fit into one another, so as to occupy the 
whole space, and provided the boundaries which separate the streams exactly 
follow the natural courses of the particles. 

I before suggested a similar conception of the constitution of the ocean flowing 
past the stationary body, and there pointed out that the streams forming this 
system must not only be curved in order to get out of the way of the body, but 
might each require to have to some extent a different sectional area, and therefore a 
different velocity of flow at different points of their course. If we trace the streams 
to a sufficient distance ahead of the body, we shall there find the ocean flowing 
steadily on, completely undisturbed by, and as we may say ignorant of, the exist- 
ence of the body which it will ultimately have to pass. There, all the streams must 
have the same direction, the same velocity of flow, and the same pressure. Again, 
if we pursue their course backwards to a sufficient distance behind the body, we 
shall find them all again flowing in their original direction ; they will also have 
aU resumed their original velocity ; for otherwise, since the velocity of the ocean 
as a whole cannot have changed, we should have a number of parallel streams 
having different velocities and therefore different pressures side by side with one 
another, which is an impossible state of things 

* In an imperfect fluid it ib possible to have parallel streams having different velocities 
side by side with one another, because, in an imperfect fluid, change <5 velocity may have 
been communicated by friction, and therefore does not imply difference of pressure. 
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Although, in order to get pewt the body, these streams follow some courses 
or other, various both in direction and velocity, into which courses they settle 
themselves in virtue of the various reactions which they exert upon one another 
and upon the surface of the body, yet ultimately, and through the operation of 
the same causes, they settle themselves into their original direction and original 
velocity. Now the sole cause of the original departure of each and all of those 
streams from, and their ultimate return to, their original direction and velocity, is the 
Submerged stationary body ; consequently the body must receive the sum total of the 
forces necessary to thus affect them. Conversely this sum total of force is the only 
force which the passage of the fluid is capable of administering to the body. But 
we know that to cause a single stream, and therefore also to cause any combination 
or system of streams, to follow any courses changing at various points both in direc- 
tion and velocity, requires the application of forces the sum total of which in a lon- 
gitudinal direction is zero, provided that the end of each stream has the same direc- 
tion and velocity as its beginning. Therefore the sum total of forces (in other words 
the only force) brought to bear upon the body by the motion of the fluid in the 
direction of its flow is zero^, 

I have now shown how it is that an infinite ocean of perfect fluid flowing past 
a stationary body cannot administer to it any endways force, whatever be the nature 
of the consequent deviations of the streams of fluid. The question, what will be 
in any mven case the precise configuration of those deviations, is irrelevant to the 
proof I nave given of tins proposition. Nevertheless it is interesting to know some- 
thing, at least, of the general character which these deviations, or “ stream-lines,^^ 
assume in simple cases ; therefore I have exhibited some in Plate XL figs. 26, 27, 
which are drawn according to the method explained by the late Professor Rankine. 

The longitudinal lines represent paths along which particles flow; tliey may 
therefore be regarded as boundaries of the streams into which wo imagined the 
ocean to be divided. 

We see that, as the streams approach the body, their first act is to broaden, and 
consequently to lose velocity, and therefore, as we know, to increase in (jiiasi- 
hydrostatic pressure. Presently they again begin to narrow, and therefore quicken, 
and diminish in pressure, until they pass the middle of the body, by whicli time 
they have become narrower than in their original undisturbed condition, and con- 
sequently have a greater velocity and less pressure than the undisturbed fluid. 
Auer passing the middle they broaden again until they become broader than in 
their original condition, and therefore have less velocity and greater pressure than 
the undisturbed fluid. Finally, as they recede from the body they narrow again, 
until they ultimately resume their original dimension, velocity, and pressure. 

Thus, taking the pressure of the surrounding undisturbed fluid as a standard, 
we have an excess of pressure at both the head and stern ends of the body, and a 
defect of pressure along the middle. 

We proved just now that, taken as a whole, the fluid pressures could exert no 
endways push upon the stationary body. We now see something of the way in 
which the separate pressures act, and that they do not, as seems at first eight 
natural to expect, tend all in the direction in which the fluid is flowing ; on the 
contrary, pressure is opposed to pressure, and suction to suction, and the forces 
neutralize one another and come to nothing ; and thus it is that an ocean of per- 
fect fluid flowing at steady speed past a stationary submerged body does not tend to 
push it in the direction of the flow. This being so, a submerged body tiavelling 
at steady speed through a stationary ocean of perfect fluid will experience no 
resistance. 

We will now consider what will be the result of substituting an ocean of water 
for the ocean of perfect fluid. 

The difference between the behaviour of water and that of the theoretically 
perfect fluid is twofold, as follows : — 

iirst. The particles of water, unlike those of a perfect fluid, exert a drag or 
frictional resistance upon the surface of the body as they glide along^ it. This 
action is commonly termed surface-friction, or skin-friction; and it is so well 
known a cause of resistance that I need not say any thing further on this point, 
* See Appendix, Note 0, 
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except this, that it constitutes almost the whole of the resistance experienced by 
bodies of tolerably easy shape travelling under water at any reasonable speed. 

Secondly. The mutual fnctional resistance experienced by the particles of water 
in moving past one another, combined with the almost imperceptible degree of vis- 
cosity which water possesses, somewhat hinders the necessary stream-line motions, 
alters their nice adjustment of pressures and velocities, and thus defeats the balance 
of stream-line forces and induces resistance. This action, however, is imperceptible 
in forms of fairly easy shape. On the other hand, angular or very blunt features 
entail considerable resistance from this cause, because the stream-line distortions 
are in such cases abrupt, and degenerate into eddies, thus causing great differences 
of velocity between adjacent particles of water, and great consequent friction be- 
tween them. Dead water,’^ in the wake of a ship with a full run, is an instance 
of this detrimental action. 

So far we have dealt with submerged bodies only ; we will now talre the case of 
a ship travelling at the surface of a perfect fluid. But first, let us suppose the 
surface to be covered with a sheet of rigid ice, and the ship cut off level with 
her water-line, so as to travel beneath the ice, floating, however, exactly in the same 
position as before (see Plate XI. fig. 28). As the ship travels along, the stream-line 
motions will be the same as for a submerged body, of which the ship may be regarded 
as the lower half j and the ship will move without resistance, except that due to the 
two causes I have just spoken of, namely surface-friction and mutual friction of the 
particles. The stream-line motions being the same in character as those we have 
been considering, we shall still have at each end an excess of pressure which will tend 
to force up the sheet of ice, and along the side we shall have defect of pressure 
tending to suck down the sheet of ice. If, now, we remove the ice, the fluid will 
obviously rise in level at each end, so that excess of hydrostatic head may afford 
the necessary reaction against the excess of pressure ; and the fluid will sink by 
the sides, so that defect of hydrostatic head may afford reaction against the defect 
of pressure ; and the same actions and reactions will happen in the imperfect fluid, 
water*, making only the same allowance for the modification of velocities and pres- 
sures by friction as were shown to be necessary in treating of wholly submerged 
bodies. 

The hills and valleys thus formed in the water are, in a sense, waves ; and, though 
originating in the stream-line forces of the bodj’^, yet when originated, they come 
under the dominion of the ordinary laws of wave-motion, and, to a largo extent, 
behave as independent waves. 

The consequences which result from this necessity are most intricate ; hut the 
final upshot of all the different actions which take place is plainly this — that 
the ship in its passage along the surface of the water has to he continuallv sup- 
plying the waste of an attendant system of waves, which, from the nature of their con- 
stitution as independent waves, are continually diffusing and transmitting them- 
selves into the surroundiijg water, or, where they fonu what is called broken water, 
crumbling away into froth. Now waves represent energy, or work done ; and 
therefore all the energy Represented by the waves wasted from the system attend- 
ing the ship, is so much work done by the propellers or tow-ropes which are urging 
the ship. So much wave-energy wasted per mile of travel, is so much work done 
per mile ; and so much work done per mile is so much resistance, and this cause of 
resistance at least would operate with full effect even in a perfect fluid. 

The actions involved in this cause of resistance, which is sometimes termed Wave- 
Genesis,” are so complicated that no extensive theoretical treatment of the subject can 
be usefully attempted. All that can he known about the subject must, for the present 
I believe, be sought by direct experiment. 

Having thus briefly described the several elements of a ship’s resistance, I will 
proceed to draw your attention more particularly to certain resulting conside- 
rations of practical importance. Do not, however, suppose that I shall venture on 
dictating to shipbuilders what sort of ships they ougnt to build : I have so little 
experience of the practical requirements of ship-owners, that it would be presump- 
tuous in me to do so j and I could not venture to condemn any feature in a ship as 
a' mistake, when, for all I know, it may be justified by some practical object of 
which I am ignorant. For these reasons, if 1 imply that some particular element of 
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form is ^tter tlip some other, it will be with the simple object of illustrating the 
application of principles, by following which it would be possible to design a ship of 
given displacement to go at given speedy with minimum resistance, in smooth water— 
in feet, to make the best performance in a measured mile ” trial. 

I have pointed out that the causes of resistance to the motion of a ship through 
the water are: — first, surface-friction; secondly, mutual friction of the particles 
of water (and this is only practically felt when there are features sufficiently abrupt 
to cause eddies) j and third^, wave-genesis. I have also shown that these are the 
only causes of resistance. I have shown that a submerged body, such as a fish, or 
torpedo, travelling in a perfect fluid, would experience no resistance at all ; that in 
water it experiences practically no resistance out that due to surface-friction and 
the action of eddies ; and that a ship at the surface experiences no resistance in 
addition to that due to these two causes, except that due to the waves she makes. 
I have done my best to make this clear ; but there is an idea that there exists a 
form of resistance, a something expressed by the term direct head-resistance,’^ 
which is independent of the above-mentioned causes. This idea is so largely 
prevalent, of such long standing, and at first sight so plausible, that I am anxious 
not to leave any misunderstanding on the point. 

Lest, then, I should not have made my meaning sufficiently clear, I say distinct^, 
that the notion of head-resistance, in any ormnary sense of the word, or the 
notion of any opposing force due to the inertia of the water on the area of the 
ship’s way, a force acting upon and measured by the area of midship section, is, 
from beginning to end, an entire delusion. No such force acts at all, or can act, 
as throughout the greater part of this address I have been endeavouring to explain. 
No doubt, if two ships are of precisely similar design, the area of midship section 
may be used as a measure of the resistance, because it is a measure of the size of 
the ship ; and if the ships were similar in every respect, so also would the length of 
the bowsprit, or the height of the mast, be a measure of resistance, and for just the 
same reason. But it is an utter mistake to suppose that any part of a ship’s resist- 
ance is a direct efiect of the inertia of the water which has to be displaced from 
the area of the ship’s way. Indirectly the inertia causes resistance to a ship at the 
surface, because the pressures due to it make waves. But to a submerged body, 
or to the submerged portion of a ship travelling beneath rigid ice, no resis- 
tance whatever will be caused by the inertia of the water which is pushed aside. 
And this means that, if we compare two such submerged bodies, or two such sub- 
merged portions of ships travelling beneath the ice, as long as they are both of suffi- 
ciently easy shape not to cause eddies, the one which will make the least resistance 
is the one which has the least skin surface, though it have twice or thrice the area 
of midship section of the other. 

The resistance of a ship, then, practically consists of three items— namely, surface- 
friction, eddy-resistance, and wave-resistance. 

Of these the first-named is, at least in the case of large ships, much the largest 
item. In the ^Greyhound,’ a bluff ship of 1100 tons, only 170 feet long, and 
having a thick stem and sternposts, thus making considerable ed^-resistance, and 
at 10 knots visibly making large waves, the surface-friction was 68 per cent, of the 
whole resistance at that speed ; and there can be no doubt that with the long iron 
ships now built, it must be a far greater proportion than that. Moreover the ^Grey- 
hound ’ was a coppered ship ; and most of the work of our iron ships has to he done 
when they are rather foul, which necessarily increases the surface-friction item. 

The second item of resistance, namely the formation of eddies, is, I believe, imper- 
ceptible in ships as finely forrn^ as most modern iron steamships. Thick square- 
sh^ed stems and sternposts are the most fhiitful source of this l^d of resistcmce. 

The third item is wave-resistance. On this point, as we have seen, the stream- 
line theory rather suggests tendencies, than supplies quantitative r^ults, because, 
though it indicates the nature of the forces in wnich tne waves originate, the laws 
of such wave-combinations are so very intricate, that they do not enable us t-o pre- 
dict what waves will actually be formed under any given conditions. 

There are, however, some rules, I will not call them principles, which have to 
some extent been confirmed by experiment. At a speea dependent on her length 
and form, a ship mahes a very large wave-resistance, At a speed not much 
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lower than this, the wave-resistance is considerably less, and at low speeds it is 
insignificant. Lengthening the entrance and run ot a ship tends to decrease the 
wave-resistance ,• and it is better to have no parallel middle pod v^ but to devote the 
entire length of the ship to the entrance and run, though in this case it be neces- 
sary to increase the midship section in order to get the same displacement in a 
given length. ^ 

With a ship thus formed, with fair water-lines from end to end, the speed at 
which wave-resistance is accumulating most rapidly, is the speed of an ocean wave 
the length of which, from crest to crest, is about that of the ship from end to end. 

I have said we may practically dismiss the item of eddy-resistance. The problem, 
then, to be solved in designing a ship of any given size, to go at a given speed with 
the least resistance, is to so form and proportion the ship that at the given speed 
the two main causes of resistance, namely surface-friction and wave-resistance, 
when added together, may be a minimum. 

In order to reduce wave-resistance we should make the ship very long. On the 
other hand, to reduce the surface-friction we should make her comparatively short, 
so as to diminish the surface of wetted skin. Thus, as commonly happens in such 
problems, we are endeavouring to reconcile conflicting methods of improvement j 
and to work out the problem in any given case, we require to know actual quan- 
tities. We have sufficient general data from which the skin-resistance can be de- 
termined by simple calculation ; but the data for determining wave-resistance must 
be obtained by direct experiments upon difierent forms to ascertain its value for 
each form. Such experiments should be directed to determine the wave-resistance 
of all varieties of water-line, cross section, and proportion of length, breadth, and 
depth, so as to give the comparative results of diftereut forms as well as the absolute 
result for each. 

An exhaustive series of such experiments could not be tried with full-sized 
ships ^ but I trust that the experiments I am now carrying out with models, for the 
Aamiralty, are gradually accumulating the data required on this branch of the subject, 

I wish in conclusion to insist again, with the greatest urgency, on the hopeless 
futility of any attempt to theorize on goodness of form in ships, except under the 
strong and entirely new light which the doctrine of stream-lines throws on it. 

It IS, I repeat, a simple fact that the whole framework of thought by which the 
search for improved mrms is commonly directed, consists of ideas which, if the 
doctrine of stream-linos is true, are absolutely delusive and misleading. And real 
improvements arc not seldom attributed to the guidance of those very ideas wliich 
I am characterizing as delusive, while in reality they are the fruit of painstaking, 
but incorrectly rationalized, experience. 

I am but insisting on views which the highest mathematicians of the day have 
established irrefutably ; and my work has been to appreciate and adapt these views 
when presented to me*. 

No one is more alive than myself to the plausibility of the unsound views against 
which I am contending j but it is for the veiy reason that they ore so plausible that 
it is necessary to protest against them so earnestly ; and I hope that in protesting 
thus, I shall not be regarded as dogmatic. 

In truth, it is a protest of scepticism, not of dogmatism ; for I do not profess to 
direct any one how to find his way straight to the form of least resistance. For 
the present we can but feel our way cautiously towards it by careful trials, using 
only the improved ideas which the stream-line theory supplies, as safeguards against 
attributing this or that result to irrelevant or, rather, non-existing causes. 

* I cannot pretend to frame a list of the many eminent mathematicians who originated 
or perfected the stream-line theory ; but 1 must name, from amongst them, Professor 
Ba^ne, Sir Williain Thomson, and Professor Stokes, in order to express my personal 
indebtedness to them for information and explanations, to which chiefly (however imper- 
fectly utilized) I owe such elementary knowledge of the subject as alone 1 possess. 
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APPENDIX. 

Note A. 

Tlie proposition, that the flow of fluid through a tortuous pipe having its ends 
in the same straight line does not tend to push the pipe endways, can be treated in 
several ways, of which only one is given in the accompanying address; hut it may 
be interesting to some readers to trace some of the other ways of viewing the 
question. 

First let us take the case of a right-angled bend in a pipe (that is to say, where 
the direction of a pipe is altered through a right angle by a curve of greater or less 
radius; a bend of this sort is shown in Plate XII. fig. 29), and assume that the 
fluid in it at A is flowing from A towards 0. I propose at present to deal only 
with those forces or tendencies which act more or less powerfully in the direction 
of the original motion of the fluid, namely along the line AC. 

I must here remind you that 1 am dealing with this matter entirely indepen- 
dently of hydrostatic pressure. Perhaps to some it will be difficult to disassociate 
the idea of hydrostatic pressure from a fluid in a pipe. This difficulty might be 
^ot over by assuming that the pipe is immersed in a fluid of the same density 
and head as the fluid within it. There will thus be hydrostatic equilibrium 
between the fluid within and without the pipe, the only diflerence being that 
bhe fluid inside the pipe is assumed to be in rapid motion, and thus subjects the 
pipe to any stresses properly incidental to that motion of the fluid within it. 

The sole work that has to be done in the present case is that of deflecting the 
current of fluid to a course at right angles to its original course AC ; and, regard- 
ing the forces employed in this work as resolv&ble throughout into two sets of com- 
ponents. the one at right angles to the line AO, the other parallel to it, it is of the 
latter alone that account is to be taken. M^ifestly the sum of these latter compo- 
aents is measured by the circumstance that it is precisely sulficient to entirely de- 
jtroy the forward momentum of the fluid that flows along the pipe at A towards 
.he bend. This force is administered to the fluid by the curved ,portion of the 
pipe at the bend DEF ; and, as the pipe is assumed to be rigid, the work of 
irresling the forward velocity of the fluid throws a forward stress on the pipe in the 
ine AC. 

Let us now assume that to the right-angled bend, AB, we attach rigidly a second 
right-angled bend, BG, as shown in fig. SO, in such a manner that the termina- 
tion of this second bend at G is parallel to the commencement of the first bend 
at A. Here I will again, for the present, deal only with the forces in a direction 
parallel to the line AC. 

The fluid at B has no velocity in the direction of the line AC, and at G it has 
a velocity in that direction equal to the velocity which it had at A. To give it 
this velocity in a forward direction (I mean forward in its original direction 
of motion) — to establish this forward momentum, requires the application of a 
force in the direction HG; and this force is administered to the fluid by the 
curved portion of the pipe at the bend UK ; and as the pipe is assumed to be 
rigid, the duty of establiSiing the forward velocity of the fluid, throws a rear- 
ward stress on the pipe in the direction GH. Now as the forward momentum 
given to the fluid between B and G, in the line GH, is exactly the same as the 
momentum destroyed between A and B in the line AC, it follows that the rear- 
ward stress thrown on the pipe at the bend UK is exactly equal to the forward 
stress thrown on the pipe at the bend DEF. Hence it will be seen that the 
forces acting on the rigid pipe AG, treated as a whole, balance each other, so far as 
relates to the forces in the line AO, the original line of motion of the fluid : that is 
to say, the forward stress acting on the pipe at the bend DEF is balanced by the 
equm rearward stress acting on the pipe at the bend UK. These two of the forces 
acting on the pipe are shown by the arrows L and M, which, it must be zemem- 
bered, are the only forces which act in a line parallel to AC. 

It will have been seen that the measure of these forces is the amount of forward 
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momentum of the fluid which is destroyed or created; and fro^ thie jl'will be 
inferred that the forces will be the same, no matter what is the iMius of *ihe curve 
of the pipe, inasmuch as the curvature of the pipe does not a^ect the amount of 
the forward momentum of the fluid that has to be destroyed or replaced. 

Let us next take the case of a bend in a pipe that is not a right angle, as shown 
in Plate XII. fig. 31 ; and here, os before, I ,only propose to deal with the forces 
that come into play in the direction A 0 of the original motion of the fluid. Now 
in this case the forward motion of the fluid is not, as in the instance of the right- 
angled bend, entirely destroyed in its progress from A to B ; only a portion of the 
motion is checked^ and a portion of the momentum destroyed ; and the ma^itude 
of the force required to destroy the momentum is in proportion to the amount 
by which the forward velocity of the fluid in the line A C is destroyed. This 
force is administered to the fluid by the curved portion of the pipe at -the bend 
DEF, and, as in the former case, exercises by reaction on the pipe a forward 
stress, which will be in proportion to the extent by which the forward motion of 
the fluid is checked by the divergence of the pipe from its orimnal line. 

Suppose to this bend we attach rigidly another bend B G of the same angle, 
as shown in fig. 82, so that the termination of this second bend at G is parallel to 
the commencement of the first bend at A. Here, in the portion of the pipe B G, 
that part of the forward velocity which was taken away has to be again given to 
the fluid; this requires force, which is administered to the fluid by the curved part 
I J K, of the pipe. There is thus thrown on the pipe a rearward stress represented 

S M. The force required in the bend between B and G to reinstate completely 
3 forward velocity, is evidently the same in amount as the force required in the 
bend between A and B to destroy in part the forward Yelocit 3 ^ 

It follows, therefore, that the two stresses on the pipe, represented by the 
arrows L and M, which indicate the forces acting on the pipe, are equal and 
opposite to one another ; and these are the only forces acting on the rigid pip in 
the line A C of the original motion of the fluid at A. It follows, therefore, that in 
the case of two right-angled bends rigidly attached, or in the case of two con- 
nected equal-angled bends of any other angle, the stresses brought on the pipe by 
the flow of the fluid will not tend to move the pipe bodily endways. 

It will be seen also by this reasoning that the forces we have referred to do not 
depend on the curvature of the pipes, but are simply measured by the amount of 
the forward momentum of the fluid and the extent to which that momentum is 
mo^fied in the total amount of deflection of the course of the fluid at the bend, 
or, in other words, by the angle of the bend. And from this reasoning it becomes 
apparent that by whatever bends or combinations of bends we divert the course of 
a stream of flmd in the pipe, provided the combination be such as to restore the 
stream to its original direction, the aggregate of the forces in one direction required 
to destroy forward momentum are necessarily balanced by equal forces in the 
opposite direction required to reinstate the former momentum. 

It will be useful to consider more in detail the action of all the forces acting on a 
fluid in a bend of the pipe ; and I will return to the case of a single right-angled 
bend, as shown in fig. 29. I before spoke merely of the forces acting parallel to 
the line AO, and said that the forwara momentum of the fluid in that Ime had to be 
destroyed in its passage round the bend DEF, and that this must be effected by a 
force acting parallel to AC, which would by its reaction throw a forward stress on 
the pipe, tending to force it in the direction AC. But similarly velocity has to be 
given to the fluid in the direction NB ; and to do this a force must be administered 
td the fluid which will cause a reaction on the jwpe in the direction BN ; and as the 
momentum to be established in the direction Nb, has to be equal to that in the di- 
rection AC, which had to be destroyed, it follows that the forces of reaction upon the 
pipe in the directions AC and BN are equal. These forces can be met in two ways, 
either by securing the bent part of the pipe DEF so that it will in each part resist fne 
stresses that come on it, or by letting the forces be resisted by the tensional strength 
of the straight parts of the pipe AD and BE, operating in the direction of their 
length ; and in this case we see that the tension on AD must be equal to the force 
acting along AC, and the tension on BF must be equal to the equal force acting 
along BN, so tliat in fact the forces brought into play by the rigbt-emgled be^ 
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BToduce a longitttdiiml tension on the pipe at either end of the bend equal to the 
force required to destroy the forward momentum of the fluid. 

Proceeding to the case of the non-right-angled bend, as shown in fig. 81 — in 
this casej as we have seen, a portion only of the forward momentum of the fluid in 
the line AC has to be destroyed^ also a certain amount of sideways momentum has 
to be created in a direction which we may consider parallel to the line QP : and 
the composition of the remaining forward momentum in the line AO with the 
created sideways momentum in tne line QP, results in the progress of the fluid along 
the path FB ; this partial destruction of forward momentum and establishment m 
some sideways momentum are essential to the onward progress of the fluid along FB. 
The bend DEF will be subiect to the reaction of the forces necessary to produce 
these changes ; and either the bend may be locally secured, or the stress upon it 
may be met, as in the case of the right-angled bend we have just been considering, 
by a tensional drag on the pipe at either end of the bend. There is, however, 
this difference between the cases, that the force required to establish sideways 
momentum parallel to QP cannot be directly met by the reaction of tension along 
the line BF of the second part of the pip® ; but this force may be met by the 
oWiquely acting tension of the pipe BF combined with additional tension dong 
the pipe AD. It is well known that in the case of a given force, such a.8 that we 
are supposing parallel to PQ, resisted by two obliquely placed forces such as the 
tension along the lines DA and FB, the nearer the lines DA and FB are to one 
straight line, the greater must be the tension along those lines to balance a given 
force acting on the line PQ. Now the less the line FB diverges from the line AO, 
the less will be the sideways momentum parallel to QP that has to be imparted 
to the fluid j but at the same time and to precisely the same extent will the pro- 
portionate tension put upon the limbs DA and FB of the pipe be aggravated by 
ttie greater obliquity of their action. The sidewavs pull is mmtest when the bend 
is a right angle j and then it amounts to a force that will take up or give out the 
entire momentum of the fluid, and it is supplied directly by the tension of the 
limb of the pipe at FB. If the bend is made less than a right angle, the less the 
bend is made, the less is the sideways pull, but the greater by the same degree is 
the disadvantage of the angle at which the tension on the pipe resists the pull j 
and it results from this that in the case of a bend other than a right angle, the ten- 
sion on the pipe is the same as in the case of a right-angled bend. A geometrical 

S roof of this is given in fig. 33, It is evident that the radius of curvature of tho bend 
oes not enter into this consideration, and that the forces acting are not affected by 
the rate of curvature of the pipe, the simple measure of the forces being the increase 
or decrease in the momentum of the fluid in each direction. It results fi’om this that 
if a fluid be flowing along a pipe with a bend in it, no matter what may be the angle of 
the bend or the radius of its curvature, the reactions necessary to deflect the path of the 
fluid will met by a tensional resistance along the pipe j and this tension is equal to 
the force that would be required to entirely destroy the momentum of the fluid. 

If we now assume any number of bends, of any angle or curvature, to be con- 
nected together (see Plate IX. fig. 3), the equilibrium of each bend p satisfied by a 
longitudinal tension which is in every case the same ; and this tension is therefore 
uniform throughout the pipe ; for the tension at any intermediate point in a bend is 
clearly the same as at the ends of the bend^ as we may suppose the bend to be divided 
at that point into two bends, and there joined together oy an infinitely short piece 
of straight pipe. 

If then the tortuous pipe 1 have above referred to has its ends at A and B parallel 
to one another, as shown in fig. 4, it is clear that the tenrional forces at its ends 
balance one another, and the pipe, as a whole, does not tend to move endways. 

Note B. 

The law regulating these changes of pressure due to changes of velocity can be 
best understood by considering the case of a stream of perfect fluid flowing from a gra» 
dually tapeexd pipe or nozzle placed horizontally and connected with the bottmn of 
a dstem, as shown in Plate aII. fig. 34. Let ns suppose that at the points B and 
G the sectional areas of the pipe are severally twice and four times that at the point 
of exit A. 
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At the point of exit A the fluid ii undeir ho preatnufe whiiteye)!^ since there 
is no reacting force to maintain any pressure ; each partide of fluid in the issuing 
jet is rushing on on its own account, neither giving nor receiving pressure from its 
neighbours. We know, however, what force it nas taken to give the velocity 
which the fluid has at the point of issue A, and we measure this force by the 
pressure, or head of fluid, lost. In the case we are considering, this head is 
represented by the height of the fluid in the cistern, or by the height AD, 

Within the cistern, at the point E, on the same level as A the point of i^ue — at 
this point E within the cistern^ we have the pressure due to the head of fluid equal 
to ADj but we have no velocity, at any rate the velocity is so small as to be in- 
appreciable ; and at the point of issue A we have no pressure at all, but we have 
■v^at is termed the velocity due to the head.” 

Let us suppose that at the points A, B, 0, and E, gauge-glasses or stand-pipes 
are attached so that the fluid m each may rise to a height corresponding with the 
pressure within the pipe or nozzle at the point of attachment. 

The gauge-glass attached at A will show no pressure, thus indicating that the 
entire head AD has been expended in producing the velocity at the point A. 

At the point B, as the sectional area is twice^ the velocity is one half that at A* 
Now the nead required to produce velocity varies as the square of the velocity to 
he produced j in other words, to produce half the velocity requires one quarter of 
the head ; thus of the whole head AD available, one quarter only, or GD, has been 
absorbed in developing the velocity at B, and the remainder of the pressure, which 
will be represented by the head BG, will be sensible at the point B, and will be 
exhibited m the gauge-glass attached at that point. 

Again, as the pipe at 0 is four times the area that it is at A, it follows that, of the 
whole head AIX one sixteenth part only, or HD, has been absorbed in developing 
the velocity at 0, and the remainder of the pressure, which will be represented 
by the head OH, will be sensible at the point 0, and will be exhibited in the 
gauge-glass attached at that point. 

In the case I have chosen for illustration the small end, A. of the nozzle, is open 
and discharging fleely, and the pressure at that point is tnerefore nil But the 
absolute differences of pressure at each point of the pipe or nozzle will be 
precisely the same (as long as the same quantity of flmd is flowing through it 
per second), however great oe the absolute pressures throughout. 

Thus, suppose that from the end of the nozzle at A a pipe of the same diameter* 
and of uniform diameter throughout its length, is cmwea upwards so that the ena 
of it, I, is two feet higher than A, as shown in JPlate XH. %. 36, if the level of the 
cistern is also raised two feet, namely to the level marked J, instead of D, w© shall 
have the same delivery of fluid as before ; and the differences between the pres- 
sures at each point will be the^same as before. 

If we add oO feet instead of 2 feet to the head in the cistern ; and raise 1 to 60 
feet, instead of 2 feet above the nozzle, the differences of head or pressure will 
still be the same, the head at A being oO feet, that at B being BG-)-50 feet, that 
at 0, CH-l-60 feet, and that at E (the cistern-level) ED +60 feet 

To put Case into actual figures, suppose the sectional area at A to be 1 square 
inch ; that at B, 2 square inches \ and that at C, 4 square inches ; and suppose that the 
fluid is passing through the nozzle at the rate of one ninth of a cubic foot per second : 
we shall have a velocity at A of 10 feet per second— -to generate which would 
require a difference of pressure between E and A equivalent to 4 feet of vertical 
head. The velocity at B will be 8 feet per second, which would require a dh^rence 
between E and B equivalent to 1 foot of head. That at 0 be 4 feet per 
second, and will require a difference of pressure equivalent to 3 inches of head. If 
the pressure at A be zero, the pressures at B, 0, and E will be 8 feet, 8 feet 9 inches, 
and 4 feet respectively. If the pressure at A be 1 foot, the pressures at B, 0, and 
E will be 4 feet, 4 feet 9 inches, and 6 feet respectively ; and if ,tbe pressure at A 
be 1000 feet,"the pressures at B, 0, and E will be 1003 feet, 1003 feet 9 inches, and 
1004 feet respectively, always supposing the quantity of fluid passing per second to 
be the si^e. If the quantity be ainerent, the absolute differences of pressure will be 
different, but will be relatively the same. If, for instance, the quantity flowing 
per second be doubled, the velocity at each point will be doubled, and the di^jenccs 
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of assure quadrupled ; eo tliat if the pressure at A were again 1000 feet, those at 
B, 0, and E would be 1012, 1016, and 1016 feet respectively. 

To sum up— the differences of hydrostatic pressure at different points vary as the 
differmctB of the squares of the velocities at those points. 

Note 0. 

Here again the argument given in the text suggests certain other lines of argument 
which some persons may feel interested in following out. 

Suppose each and every one of the streams into which we have subdivided the 
ocean to be enclosed in an imaginary rigid pipe made exactly to fit it throughout, 
the skin of each pipe having no thickness whatever. The innermost skin of the 
innermost layer or pipes (I mean that layer which is in contact with the side of the 
body), the innermost skin, I say, of this layer is practically neither more nor less 
than the skin or surface of the body. The other parts of the skins of this layer, 
and all the skins of all the other pipes, simply separate fluid from fluid, which fluid, 
ex hypcathesiy would be flowing exactly as it does flow if the skins of the pipes were 
not there ; so that, in fact, if the skins were perforated, the fluid would nowhere tend 
to flow through the holes. Under these circumstances there clearly cannot be any 
force brought to bear in any direction by the flow of the fluid, on any of the skins 
of any of the pipes except the innermost skin of the innermost layer. Now,' 
remembering that we are dealing with a perfect fluid which causes no surface*- 
Mctiou, we know that the fluid flowing through this system of pipes administers 
no total endways force to it. But it produces, as we have just seen, no force what- 
ever upon any of the skins which separate fluid from fluid ; consequently, if these 
are removed altogether, the force administered to the remainder of the system, 
will be the same as is administered to the whole system — namely,^ no total endways 
force whatever. But what is the remainder of the system ? Simply the surface 
of the body, which is formed, as I have already said, by the innermost skins of the 
innermost layer of pipes. Therefore no total endways force is administered to the 
surface of the body by the flow of the fluid. 

Lastly, let us recur for an instant to the case of fluid flowing throujgh the single 
flexible pipe. Here it was proved that the flow of the fluid through it, if it was 
anchored at the two ends, did not tend to displace any part of it, because the centri- 
fugal forces, produced by the flow of the fluid, and which must act exactly at right 
angles, or normally, as it is called, to the line of pipe at each point, are exactly counter- 
balanced by a uniform tension Ihro^hout thelength of the pipe. If the flexible pipe 
has variations in its diameter, the difrerences of q uasi-hydrostatic head appropriate to 
those variations are also normal to the surfaces of the pipe, being simplybursting-pres- 
sures. If, however, these nomal forces were directly counterbalanced by equal and 
opposite and normal external forces or supports, it is obvious that this tension 
would be entirely relieved. Now, if we suppose the system of pipes which we hava 
several times already imagined to surround the submerged body, to be flexible pipes, 
(instead of rigid pipes, as we have before imagined them), the counterbalancing^ 
or normal, external forces which exactly relieve the tension are supplied to eacn 
pipe by its neighbour, except in the case of the innermost skin of the innermost 
layer of pipes, since this innermost skin has no neighbour. In this instance the 
counterbalancing, normal, external forces are supplied by the rigidity of the surface 
of the body. Now we know that, since the tensional forces produced by the flow 
of fluid through a flexible pipe, whether of imiform or varying sectional area, have 
no sum total of endways force, the counterbalancing forces which exactly relieve 
this tension must also have no total endways force j and since the counterbalancing 
forces acting throughout the whole system nave thus no sum total of endways force, 
it can be proved, as before in the case of the similar system of rigid pipes, that if we 
remove the whole of the skins or sides of pipes, whicn separate nuia from fluid and 
which are all therefore necessarily in perfect equilibriurn, the forces acting on the 
remainder, namely on those skins which are in contact with the surface of the bod^j 
forces which therefore may he considered as acting simply upon the body, must liJiC 
have no endways sum tom, 


18 * 
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O/i thi Drainage of the City ami County of Bristol, By Freberick Ashmeab, 
M, Inst, C,E,, Engineer and Surveyor to the Sanitary Authority, 

The borou^fh of Bristol extends over an area of 4687 acres, or nearly 8 square 
milei, containing a population at the last Census in 1871 of 182,524, with an estimated 
n(MMdatio& of 196,186 in 187o, and about 120 miles of streets and roads. The 
ittteahle value in 1875 was £739,045. Number of houses in 1871, 27,636. 

About the year 1803, the Bristol Dock Company was formed tor the puroose of 
floatifig portions of the rivers Avon and Frome under the direction of Mr. William 
Jossop, O.E., and on April 30, 1809, the works were set in operation. From that 
date down to 1825 frequent complaints were made of the offensive state of the 
Frome part of the Harbour, and the Dock Company constructed the Culvert 
known as I^lnes Culvert in addition to the Bread-Street Culvert previously con- 
structed. liy means of these culverts a large quantity of sewage was removed 
fK>m the floating harbour, and discharged into the tidal river. 

These culverts, with the existing sewers in the old city and the new sewers 
constructed by the late Surveyor to the Commissioners, Mr. John i\jmstrong, 
Assoc.lnBt.C.£]., making a length of about 41 miles, con^leted the drainage 
of the old city at the time of the adoption of The Public Healih Act ” in 1861, 
at which time the outlying districts of Clifton, Westbury, St. Philip and Jacob, 
the District Parishes, and Bedminster were placed under one government, viz. the 
Corporation of the City and County of Bristol, acting as the Local Board of Health, 
flince which time the management and control of the sowers of the whole district 
has been entrusted to a Committee of the Council elected annually. 

One of the first acts of this Committee was to ascertain the state of the drainage 
of the whole borough with a view of improving the same ) and it was decided to 
proceed with the drainage gradually and in districts, as the best and cheapest 
manner, this course being almost a necessity in consequence of the peculiarly 
isolated position of parts of the borough, by reason of the rivers Avon and Fi’omo 
(floating harbour, locks, tidal basins, and other works) naturally dividing the whole 
borough into districts — the levels and dimensions of the sowers being so designed 
and arranged as to form one continuous scheme, to bo eventually united so as to 
discharge the sewage of the whole borough St two points, one on each side of the 
river, for deodorization or for continuing the same to the mouth of the river Avon 
to hereafter determined; and for drainage purposes the borough has been 
divided into six districts, viz. 1st, Clifton Ilif/n Level 2nd, Bedmimtcr] 3rd, 
Clifton Low Level) 4tb, Saint Philip's) 5th, The Frome Intercepting) 6th, The 
Avon InteQ'cepting. 

1st. Clifton High-Level District. — Clifton has been divided into two districts, 
viz. the High- and the Low-Level districts ; and the first undertaken was the High- 
Level district. It includes the whole of the higher parts of Clifton, and parts of 
Westbury and Cotham, and is drained by means of a main sewer commencing in 
Hampton Road, passing under White Ladies Road, along Alma Road under the 
College grounds, and the Clifton Down Road, passing down the new zigzag to the 
river Avon. Main branch sewers are also constructed along the several main roads 
of the district. 

2nd. Bedmimter Didrict. — The next district undertaken was part of the parish 
of Bedminster, and situate on the south side of the river Avon, which is drained 
by the main sewer commencing in East Street, passing into and along Dean 
Liane, under Nelson Terrace and Coronation Road to the tidal river, main branch 
aewers being constructed along the several principal streets of the district ; also 
a separate sewer, called Parsons-Street sewer, was constructed for a portion of 
this district, passing along Parsons Street imder the main road to Bedminster 
Down, along Duckmoor to the tidal river. 

8rd. Clifton Low-Level District, — ^The main sewer of this district may be called 
an intercepting sewer, as it p^es in nearly a parallel line with the floating 
harbour and the river Avon ; it is also constructed sufficiently large to receive the 
drainage from a portion of the Frome district to be hereafter desenW. 

It commences in Hotwell Road, near the bottom of Jacobs Wells Road, and 
continues along Hotwell Road in front of Dowry Parade, St. Vincent’s Parade, 
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thence underneath the rocks in front of Point House to the outlet of the High- 
Level sewer district. 

4th. Saint FhiUp^a Lidrict. — This district ie situate on the east side of the 
borough, and is bounded on the north by the river Frome, on the west and soutli 
bj^ the floating harbour, and on the east by the boundary of the borough. This 
district was partially drained by the Bread-Street culvert already described j but a 
new sewer has been constructed, commencing at Baptist Mills, and continuing 
along the south side of the river Frome, so as to intercept all drains dischai^g 
into the said river as far as Haberfield Street, up which it passes and continues 
along Captain Carey’s Lane, and underneath Old Market Street, John Street, 
St. Philip’s Plain, Bread Street, into and along Cheese Lane and Avon Street 
to the Feeder, under which it passes and continues along the Feeder Hoad to the 
tidal river. 

5tli. Frome Intercepting Sewer District — This district lies on the north side of 
the river Frome, which river formerly received the drainage of the district. 

This district has been divided into separate areas, and is now drained by means 
of two main sew^ers, one for the higher ground, and the other for the lower level. 
The first named commences at the boundary of the borough in Stokes Croft Hoad, 
at which point it receives the drainage of Horfield Parish ; passing down Stokes 
Croft Hoad it continues along Jamaica Street, in front of the Infirmary, along 
Upper Maudlin Street into Trenchard Street, passing the bottom of Lodge Street, 
into Frogmore Street to the bottom of Park Street, continuing along College 
Street, passing the hack of the gas-works at Canons Marsh, and discharges into 
the Low-Le^ el district of Clifton, before described, and the tidal river. 

The Low-Level main sewer of this district commences at Baptist Mills on the 
north side of the river Frome, and passes under Ashley Hoad and under the new 
road leading into Newfoundland Lane, continuing along Newfoundland Lane, Milk 
Street, Clarke Street, and Hosemary Street into Broadmead, passing under the river 
Frome into Nelson Street, and formerly discharged into Mylne’s culvert and the 
tidal river, but now discharges into the Prince-Street sewer hereafter described. 

These sewers with main branch sowers up Ashley Hill complete the drainage of 
this district. 

0th. T/ie Ami Intei'cepting^ Sewer District, — This is the last remaining district, 
and is bounded on the north side by the floating harbour, and on the east by the St. 
Philip’s district. It comprises nearly the w^hole of the old city, which, as before 
stated, was fairly drained by the late Commissioners ; and the existing sewers 
have been made available by constructing new sewers on either side of the river 
Avon, so as to connect the whole and discharge the sewag^e at present at three 
points in the river ; and eventually the sewage of this distnet on the north side of 
the river will ho connected with the Main-Outlet sewer on the south side of the 
river, hereinafter described, by means of iron siphons passing under the river from 
the north to the south side, and discharged at one point near Clift House. 

In considering the drainage for this aistrict, it was also necessary to determine 
the levels for the Main-Outlet sewer, with a view, if necessary, of continuing the 
same to the mouth of the river, a distance of about 7 miles j and the portion now 
constructed is laid at such level as to allow of its being so continued at the same 
gradient, and to discharge at a level of 8 feet above low-water mark, which will 
allow of free access to the valves &c. at the mouth for about three or four hours 
each tide. 

The principal sewers in this district are the main sewer on the south side of the 
river Avon, and the Prince-Street sewer. This latter commences at the stone 
bridge, at which point it now receives the sewage of the Low-Level sewer of the 
Frome district ; it then continues underneath the Tontine warehouses and Clare 
Street, along Marsh Street and Prince Street, underneath the floating harbour to a 
point in front of the Gaol, and discharges into the tidal river. This sewer, with 
the main branch sewers constructed on the north side of the river, ^ and the old 
sewers constructed by the late Commissioners, completes the drainage of the 
portion of the district north of the river Avon. 

The main sewer on the south side of the river Avon commences at a ]^iiit 
opposite Totterdown Lock, above which is situate the outlet for St. Philip’s 
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district) and also the outlet for the St. George’s district) lying outside the Borouffh 
of Bristol) but which by aiTangement hae been allowed to pass through tie 
borough to this point ; and the new sewer has been constructed of sufficient size 
and at such levels as to receive the sewage &om these two districts by means of 
iron siphons, to be laid under the river ; tie sewer then continues along the side 
of the river until arriving opposite to Mylne’s culvert and Prince-Street sewer ; it 
then continues along Coronation Road, passing the outlet for the Bedminster 
district and Mr. Drake’s tan-yard, continuing underneath the fields at the back of 
Clift House, and discharges into the tidal river for the present through the outlet 
described as Parsons-Street sewer, thus intercepting the whole of the sewage on 
the south side of the river Avon, and providing for the conveyance of aU the 
sewage now discharging into the river above Cflmberland Basin. 

From the foregoing it will bo seen that these drainage works have been designed 
and constructed for the delivery of the whole of the sewage now discharging into 
the river above Cumberland Basin, at one point near Clift House, by means of three 
iron siphons, to be laid under the bed of the river from the outlets of the following 
districts, viz. let, St. Philip’s and St. George’s districts ; 2nd, Redcliff Hill ; and 8ra, 
Mylnes or Prince-Street district ; the only points of discharge will then be the 
CUfton outlet on the north side, and the outlet near Clift House on the south side 
of the river. 

Having brought the sewage of the borough to these two outlets, the question to 
be determined is, In what manner shall the same be dealt with P and until this 
point is settled the writer has recommended that all the present five outlets he 
retained, viz. four on the north side, and one on the south side of the river. 

The sizes of the several sewers in each district are calculated to carry 5 cubic 
feet or 31^ gallons per head per diem, for a variable population of from 30,000 to 
50,000 per square mile, according to the district, and i inch of rainfall in twenty - 
four hours, storm overflows being formed in all cases where possible to provide for 
any greater rainfall. 

The question of ventilation, after many years’ consideration and discussion, and 
after the experience of other localities, has been left in the same position as found 
by the writer, viz. the sewers are without any external openings or means of 
ventilation, the whole of the street gullies are tr^ped, and the manholes are aU 
closed down, in which particulars the sewers of Bristol difier from those of nearly 
all other towns, all external air being excluded. The several districts have for the 
most part separate outlets into the tidal river, ns before described, in all of which 
districts, witn one exception (that of the High Level of Clifton), provision has been 
made for flushing from the floating harbour or watercourses discharging into the 
harbour j but in no case has it been found necessary to have recourse to artificial 
flushing, there being no deposit in any of the new sewers ; nor has it been found 
necessary to provide other means of ventilation. But in the High-Level district 
of Clifton, it was found that during low water, when the outlet was exposed, the 
draught in these sewers was sufficient to drive the sewer-air into some of the 
houses, and an air-valve was placed at the top of the incline to the outlet, which 
has prevented such draught. The whole of the other sewers, being low-level 
sewers, have double tidal valves fljced at their outlets. These valves are self-acting, 
of cast iron, and oval in form j they are hung with chains and bedded on india- 
rubber. 

In February 1871 ^ the writer reported on n proposal for dealing with the sewage 
of the borough by disclrirging it only on the ebb of the tide. 

The outlets of the present sewers Wng provided with self-acting valves, which 
open with the receding tide and close with the rising tide, it was proposed to 
provide means for preventing the discharge of the sewage during the up-flow of 
the tide, previous to the closing of the valves, by means of penstocks ana storage 
tanks. 

From a series of float experiments it was found that during spring-tides the 
sewage would be carried down the Bristol Channel nearly as far as Portishead, 
and would return in such a diluted form as not to be in any way offensive, but that 
during neap-tides and all tides below 22 feet in height, no portion of the sew^e 
would pass out of the river, but would flow backwards and forwards with each 
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until tke return of the spring^tides^ when it would be carried out into the Bristol 
Channel as before stated j and on referring to the Tide Tables it will be found that 
about 220 of these low tides o^ur each year. 

Under these circumstances it has been determined not to incur anv further cost 
in the matter until such time aa the Report of the Rivers Pollution Commission is 
published, or some Act of Parliament is passed req[uiring Local Boards and sanitaiy 
authorities to deal with all sewage discharged into the tidal river. 

In November 1873 the writer reported as to the practicability of uniting the 
two outlets by bringing the sewage of the north side to the site near Clift House, 
this site having been approved of by Mr. Robert Rawlinson, O.B., as in all respects 
suitable for dealing with the sewage in any manner that may be determined on | 
and it was proposed to accomplish this in one of two ways, viz. 

First, by carrying the sewage across the river by means of iron siphons at or 
near its present outlet, and then by sewers to be constructed along the south side 
of the river to Clift House. 

Second, by means of iron siphons carried under the river at or near the new 
entrance-iocji gates at Cumberland Basin, at which point the sewage of the Clifton 
Low-Level district, and the portion of the Frome district, could be intercepted and 
conveyed to the south side, leaving only the Clifton High-Level sewage to be dealt 
with ; and as the level of this district is so much above that of the Low-Lovel 
district, advantage could be taken of the length of sewer now conveying the Low** 
Level sewage to the High-Level outlet, by using this length of sewer as a siphon, 
and forcing the sewage from the High-Level district against the gradient of the 
sewer to the same point near the new lock-gates to Cumberland Basin, now 
proposed for the conveyance of the sewage of the Low-Level district, by means of 
iron siphons across the river to the south side, to be continued thence by double or 
single culvert, as may be hereafter determined, to the proposed outlet near Clift 
House ,* and the only objection to the same is the use of the present sewer with the 
gradient the reverse way to the flow of the sewage; but this objection could be met 
by providing means for periodically flushing this length of sewer ; at the same time 
it will he a question, to be hereafter determined, if it will not be better to adopt 
the &st-named plan ; the whole sewage of the borough would then be brought to 
the one site near Clift House, and could be dealt with in any manner that may be 
hereafter decided upon. 

In concluaibn, it will be seen that at present no determination has been arrived 
at with regard to the ultimate disposal of the sewage of the borough, which is still 
discharged into the tidal river at the five separate outlets. The total cost of the 
drainage works to the present time, less £6161 paid by the St. George’s district, 
has been £164,743, which, taking the estimated population of the borough at 
196,186, will give as the cost per head 16«, OJc?. This amount has been raised by 
rates in each separate district, varying from Is. 6c?. to 2d. in the pound. The 
whole cost in the two first-named districts having been repmd, the special rates 
have ceeised; in the next two districts it will expire in 1878, in the fiftn district in 
1880, and in the last district, the amount borrowed having been spread over thirty- 
years instead of twenty years as in the other districts, the repayment will extend 
to the year 1901, 

The average death-rate before the construction of the foregoing works was 280 
per 1000, and for the year ending January 1876 it was 22*7. _ , 


On the Prevention of Sand Bars at the Month of Bfarhows^ 
By C. Beegeron. 


Bdberts^s Patmt Communicator for Badway Trains* 

By Walter R, Bsowms, AJ.O.B. ^c* 

The apparatus consists of a sm^ standard mounted sideways on the roof of ths 
lauriage and carrying a short inclined tube, open at the upwr end. From Ihd lip 
of this tube or hol&r light cords are conducted into ea^ compartment ef the 
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carriage j and on nulling any one of these coitds the lip is drawn down and the tube 
reversed. A small counterweight, in the form of a flag, attached to the tube by an 
arm, prevents its returning to its former position, and at the same time shows at a 
distance which holder has been reversed. 

The communicating cable is in the first instance coiled round a light drum or 
reel ; it consists of two copper wires perfectly insulated, and further protected by a 
stout waterproof sheath. At intervals corresponding to the length of a carriage 
short branches are led from each of these wires and taken through the sealed top of 
a small wooden tube about 4 inches long (denominated a ‘‘ tipper ”)f whence tney 
terminate in two adjacent platinum points. The tipper, which is solid at the other 
end, also contains a small quantity of pure mercury. 

The two batteries and bells, one for the locomotive the other for the guard’s van, 
may either be fixed in their respective places, or mounted inside a reel provided 
wifii the wire and tippers, in which latter case there are absolutely no electric con- 
nexions whatever to make, the cable being paid out either way from the centre of 
the train, the wire of the two reels being continuous. In the former case the cable 
is connected to the locomotive battery, then paid out along the train, the surplus 
wire on its reel being placed in the guard’s van alongside the second battery. 

The tippers are normally in a more or less upright position, and the mercury in 
each remains at the bottom away from the wires. On reversing the tipper the 
merctny flows downwards upon the wires, and thus causes both bells to ring. 

After m passenger has once pulled over a tipper he cannot replace it, and the red 
disk or flag makes detection easy. 

K desired the cable forms a ready means of intercommunication between guard 
and driver at all times. 

Should a train part from a broken coupling, the cable will necessarily break ; but 
before doing so the two tippers adjacent to the break will have been reversed, thus 
calling attention of both diiver and guard. 


On the and Channel Bode at Avonmouih, near Bnstol, 

By James Brunlees, C,E. 

The site of the dock is so chosen that the centre line of the lock passes through the 
centre of the mouth of the Avon, or what is known as the Swashway entrance from 
Kingroad. Between the Swashway and the lock there will be a deep channel, or 
approach, 450 yards long by 100 yards wide. The part immediately in front of the 
dock has a bell-mouthed shape, the side diverging from the centre line of the lock at 
an angle, and forming a tidal basin of about two acres in area. The lock is 600 ft. 
in length, 70 feet wide from cope to cope, and has a depth of water on the lower 
sills of 4l ft. 6 in. at high water equinoctial spring-tides. The dock itself is 1400 
ft. long by 600 ft. wide, and has an area of 16 acres. It will have a depth of water 
of 35 ft. at high water equinoctial springs, 81 ft. 3 in. at ordinaiy springs, and 22 ft. 
8 in. at ordinaiy high-water neaps. By locking vessels in and out at high water 
of neap-tides 28 ft. of water can always be maintained in the dock. 

The formation of a dam in front of the works proved of considerable difficulty, 
but it was successfully constructed ^ and although the tide has reached to within 2 ft. 
6 in. of its top, it has never shown any symptom of weakness. About 1,820,000 
c ubic yards of earth have been excavated from the dock-basin and entrance-lock. 
The excavations for the foundations were made with the help of portable engines for 
pulling up the earth at the rate of 100 cubic yards per day. A steam-lift pump, 
throwmg up 20,000 gallons an hour, was employed to keep the foundation trenches 
clear of water. 

The construction of the lock is the most important and costly part of the works. 
The foundations are laid about 6 ft. under low water equinoctial sjprings, the level 
of the sand varying only about 12 in. throughout the whole 600 of its length. 
Above the sand a bed of rubble masonry 6 ft. mick and from 100 ft. to 120 ft. wide 
is laid, and on this foundation the inverts and wails are built. The length between 
the inner and outer cells is 454 ft. This length is divided by a pair of gates into 
cock-cambers, the kMIAt 204 ft., and the inner 250 ft. in length. The sluice-ways 
for filling and emptying the locks are formed in the hfimor of the side walls. They 
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are 7 ft. by 4 ft. 6 in. culverts, having brick arches and inverts and ashlar aides. 
About 60,000 cubic yards of masonry have been put into the lock, a (quantity that 
represents about 100,000 tons of stone. The stone used in the works is of various 
kinds, according to the situations and uses in and for which it is applied. The dock 
walls ai’e 20 ft. thick at the bottom, and gradually reduced to 7 ft. thick at the top. 
They have a curved batter on the inner face on a radius of 157 ft. The lower 
foundation is of blue lias concrete, and over it Portland concrete to 2 feet below 
the floor of the d(^k, where the masonry commences. The dock-gates, originally 
intended to be of iron, consist of oak keel and mitre-posts and cross pieces of pitch 
pine. The lower gates are designed to retain a 41 ^-it. head of water. On the rib 
next the sill the pressure of the water is about IJ ton per square foot, and the total 
stress resulting on the sectional area of the rib is 77'3 tons. The leaf is 3 ft. thick 
at the centre, and 2 ft. 8 in. at keel and mitre-posts, so that the effective sectional 
area of the rib is 384 square inches, and the stress on the square inch about one 
fifth of a ton. The total weight of one leaf of the lower gate is eighty nine tons. 
There has been a double line of railway constructed, at the joint expense of tho 
Great Western and Midland Pail way Companies, to connect the dock with the 
respective systems of those Companies, and that will bring the dock into commu- 
nication with all parts of England. 


0)1 Chrome Steel, By Col. Carrinoton, U.S.A., LL.D. 


On Sharpness Docks, By W. B. Clegbam, C.E, 


On Toughened Glass, By J. D. Cogan. 


0)1 a System of Audible Signals for Bailway s. By Messrs. Crichton & Craig, 

The object of this invention is to prevent a class of accidents of verv frequent 
occurrence, viz. those that arise from non-observance of signals. The desired end is 
attained by self-acting apparatus, causing the engine whistle to sound when a driver 
inadvertently passes a danger-signal. 

The inventors have found that the following q^ualities are essential to apparatus 
for this purpose, and they trust it may be found that they have been successful in 
embo^’ing the same in the system described : — 

1. Ine impact of apparatus fixed on the line against that upon the engine must 
not cause injury to either. 

2. Special provision must be made to counteract the tendency to carelessness that 
usualW results from the employment of automatic machinery. 

3. The apparatus should be constructed so that it cannot be kept out of action 
either through negligence or improper motive. 

4. It shomd be solely auxiliary, and in no way a substitute for the appliances at 
present used in securing safety. 

6. It should be capable of being adapted to the various types of engine. 

6. The apparatus on the line should be easily actuated and not liable to derange- 
ment from contingencies of weather. 

7. The whole should be of simple construction and thoroughly reliable in action. 

Description , — ^At each distant si^al a simple piece of mechanism is placed beside 

the line of rails. It may be described as a beU-craok connected by a wire to said 
signal, so that both work in unison, i, e, an arm of the bell-crank moves towards the 
rms at the same time that the semaphore arm rises to danger, and recedes when 
the semaphore arm falls. 

The engine carries a vertical rod, which is free to slide in a protecting tube attached 
to the side of the cab.” This rod is connected at its upper end to a lever, which 
acts upon an arrangement for sounding the whistle, precisely the same as that now 
extenmvely used for the passenger’s communication. (The same mechanism may 
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serve both purposea.) The lower md of the rod is formed hollow, and receives one 
end oC a staff or baton of wood which rests on a bracket. The baton when put into 
this socket cannot afterwards bo withdrawn without bein^ broken, as it is held by 
means of a spring catch, which is inaccessible so long as the baton remains whole. 

The action of the apparatus is as follows : — So long as the driver does not require to 
pass within a danger-signal for protection the apparatus requires no attention. 
T^en he finds this necessary, it is his duty to raise the vertical rod carrying the 
batoHy which is thereby removed from a position where it would be broken by 
coming in contact with an arm of the oell-crank ” on the line. This action is 
accompanied by a sounding of the \vhistle, which prevents the driver from keeping 
the baton out of the normal position after passing the signal. It also gives the 
necessMy warning to signalmen and others that a train is approaching. Should a 
dmeiT imdvertenthj pass a danger-signal, the baton, not having been moved into the 
position of safety, must of necessity be broken at a point made specially weak. 
The vertical rod being thus deprived of support falls, and by means of its con** 
nexions causes the whistle to sound, at once giving warning of danger and recording 
the driver’s negligence. When a baton has been broken, the lower part of the ver- 
tical rod protrudes from the tube in which it slides and allows the spring-catch to 
become accessible, so that the part of the baton remaining in the socket can be 
withdrawn and a new one substituted. The batons are to be supplied to engine- 
drivers at such a price as may be considered sufficient to secure the necessary vigi- 
lance in preserving them. A simple and efficient way of preventing coimtermit 
would be to place a seal on the weakened part. 

As usually constructed automatic sign^s act on every occasion that a danger- 
signal is passed. The effect of this is necessarily to induce reliance on the apparatus. 
By the system which has been described, the driver has a certain duty to perform at 
every danger-signal the neglect of which will subject him to pecuniary loss, and 
also, if of frequent occurrence, to dismissal. There is therefore every reason to expect 
that the vigilance of the driver would be fully maintained. 

The block system ” has now been very extensively adopted, and the apparatus 
used in connexion with it is being improved in order to eliminate the element of 
human fallibility in so far as the operators are concerned. But if it is important to 
get signals duly exhibited^ it is equally important that they be (xttendea to when 
exhibited. It is therefore evident that the block system ” cannot work satis- 
factorily so long as its efficiency depends exclusively upon the semaphore-signal, 
which appeals to the sense of sight alone, and, especially when there is fog, is often 
passed unnoticed by drivers. 


On the Trials of Screw SteamrShips. 

By William Dbxnt, Leven Ship-yardy Dumbarton, 

The object of this paper was to further the adoption of the progressive method 
of trying steam-ships on the measured mile. 

The present method is, as a rule, confined to maximum power speeds, or to 
speeds which are the maximum effects of half-boiler power. Such trials afFord 
only meagre and isolated results, giving little if any basis for the comparison of 
Afferent steamers, and they cannot, as they ought to, show the varying relations 
of power and speed throughout the range of any steamer’s possible speeds. 

The ratios oi these relations are very unlike in different steamers, and a know- 
led^ of them must be the basis of any true method of comparison. Mr. TVoude’s 
reswtoce-curves, formed from model experiments, are a very good illustration of the 
objects to 1^ attained by progressive trials, which, when set off on suitable scales, 
should show at once the relation existing between any speed and power within 
the limits of the experiments. 

For example, a vessel capable of such a series of speeds might be tried at or 
about 13, 11, 0, 8, and 6 knots, the resulting mean speeds and developm^ts of 
power being set off and formed into a curve ; and it is very evident such a curve 
would ibow more easily than any number of single trials the progressive difficulty 
of driving tbe ship. 
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It must be clear to any unbiassed mind that a method which is of absolute im- 
portance in the trials of modelS; can be of no less need in the concrete trials of 
ships’ engines and propellers made on the mile. Of course, curves of revolutions 
per minute, ship percentages and constants, according to any formula, can also be 
set off with the simple speed and power curve. 

Such curves were shown in the diagrams illustrating this paper, and included, 
besides specimens of trials conducted by the author’s firm, others conducted by 
Messrs. A. and I. Inglia and the Admiralty. 

The constant curve shown in each case was set off to the numbers of the Ad- 
miralty midship-section formula, but represented equally well, with suitable scales, 
the Admiralty displacement and Prof. Rankine’s augmented surface constants. 
Had the theory been true that the power required for propulsion varied as the 
cube of the speed, these constants would not have been curves but straight lines 
parallel to the base of the diagram. As they were very marked curves, and, indeed, 
far removed from any approach to horizontal straight lines, \they indicated an 
equally great fault in aU the three formulas. ^ An examination of the curves showed 
this fault to be the acceptance of the fallacious theory that the power varied as 
the cube of the speed. 

In none of the diagrams and in no progressive series of trials submitted to the 
author had this fallacy even the shadow of a sound support ; and had Professor 
liankine known the extent and worthlessness of it, he would never have been 
tempted to prove his theory underlying the augmented surface formula from the 
^ Warrior’s ’ highest speed trial, os two other trials exist, taken at the same draughts 
and within a few days of eacn other, which contradict it. In one of the speed- 
curves shown to the Association, the horse-power varied from ratios in the square 
to ratios nearly in the fifth power of the speed. 

Had Professor Rankine possessed such sets of trials as the practical world 
should have supplied him with, his great skill would have doubtless drawn from 
them some very valuable teachings, instead of the formula of the augmented 
surface, which for every purpose (^seeing a comparison of steamers is rendered im- 
possible by our ignorance of their progressive speeds and powers) is of no more 
value than the Admiralty formulae it was intended to supersede. Beyond this 
these curves go to prove that in the expenditure of power in relation to speed, 
within the limit of the' liighest ocean speeds now in use, marked speeds peculiar 
to the vessel are seldom likely to be apparent, excepting they he round by some 
such empirical formulae as those referred to. These lormuloo show apparent speeds 
of maximum efficiency j but they are only apparent, and depend upon the theoretical 
power of the speed in which the horse-power is supposed to vary. Different speeds 
of apparent maximum efficiency will appear as the square, the cube, and the fourth 
and fifth powers of the speed are selected. 

Indeed if we are ever to get a tolerably good formula for finding speeds and 
power, which is doubtful, it will not be found without progressive trials combined 
with and checked by such experiments as Mr. Froude is now making on models. 

Regiurding the conduct of progressive trials, it is of primary importance that 
their accuracy in aU parts should not fall below the Admiralty standard, and iiat 
a calm day should be chosen for their performance. The wind has a most disturh- 
inff influence on the slow speeds. In the engine-room, the head of it must not 
only control his observing staff, but must carefully reffulate the development of 
power on each pair of runs. Any great inequality will vitiate the results of the 
trials. In fact progressive trials without honesty and accuracy will be feilures. 

A small copy of the speed-power, revolution, Admiralty midship and section 
constants, and ship percentage curves of the screw steam-ship * Taupo,’ built and 
tried by the author’s firm, is appended (see 6, Plate XIII.). After the remarks 
abeady made, this di^am wul be clear, ^all circles mark the points of moan 
speeds observed on trial. 

Mr. Denny’s paper is printed in full, with the original diagrams, in 
* En^eering,’ for Octo^"^ 1876, vol, xx. p. 311, 
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On the Bristol joint Station. By Feancis Fox, C.E. 

On a Steel Oradunt Formation. By H. Handysijde. 

On Block -signalling on Eailways, By E. E. Haeper. 

On Improvements in the Clockwork of Revolving Lighthouses, 

By J. Hopkinsor, D.Sc. 

Until recently tlie machinery driving the apparatus of revolving lights has 
always been conti-olled by revolving fans, which slightly mask the variations of 
fnction in the machine and rollers which carry the light by adding a considerable 
resistance of the air, which increases slowly with the velocity. A light thus 
governed goes, at the best, if carefully regulated by the lightkeeper, too slow at 
starting, whilst the lantern is cool and the lubricating oil thick, and too fast when 
the apparatus has run some time. The lightkeepers endeavour to correct this ac- 
celeration by taking off driving- weight. It is perhaps true that a careful man, 
with the fan arrangement, or indeed without any governor at all, by adjusting the 
driving-weight, ma}^ keep his apparatus so near to time that there would bo little 
danger of mistake. But it is undesirable that the want of such care should cause 
such serious risks, if it can by any means be avoided. As a matter of discipline, 
too, it is advantageous that an absolute rule may be laid down that no sensible vari- 
ation of velocity is permissible ; and if it occurs, it should be only attributable to 
interference with the machine, insufficient driving- weight, or neglect of winding 
up, for either of which the lightkeeper is responsible. With fans it was necessary 
that a certain error should be tolerated ) it is better that any eiTor should con- 
demn the lightkeeper. 

In the apparatus made at the works of Messrs. Chance during the last year, I 
have replaced the fans by a centrifugal governor, in principle the same as those of 
Sir William Thomson and Mr. Grubb. It consists of a weight in the form of a 
disk, sliding on a vertical revolving shaft, guided by feather keys. Two governor 
balls, carried by arms which make an angle of about 45° with the shaft, are con- 
nected with the disk by links, so that in expanding they lift the disk from the collar 
on which it rests when below speed. Two adjustable screws, tipped with leather, 
are fixed to the frame of the clock above the outer rim of the disk. As soon as tho 
disk is lifted from the collar it comes in contact with these brake-screws. Since 
the disk has a diameter of 12 to 16 inches, and makes over a hundred revolutions 
per minute, the friction has sufficient moment to control the rotation of the appa- 
ratus. Indeed the clock goes at sensibly the same speed whether the apparatus, 
weighing about a couple of tons, is in gear or at rest. A little thumbscrew pressed 
at pleasure against the edge of the disk seiwes to instantly stop tho clock. With 
the exception of Sir William Thomson’s clock at the Holywood Bank, and those 
arrangedby Mr. Douglas for light-vessels, the clocks made by Messrs. Chance during 
the last year are the only ones in use for revolving lights capable of going any 
thing like uniformly. This governor almost places it beyond the power of the light- 
keeper to make his apparatus go wrong. Deficient weight he will be compelled 
to correct; for the friction of the apparatus being constant, and the governor 
not acting when below speed, the macnine will slowly stop. 

In most lighthouse clocks, whilst the driving-weight is wound up, the motion of 
the apparatus is either allowed to take care of itself, or is maintained by a weighted 
lever acting on a ratchet-wheel, and spasmodically lifted bv the act"^ of winding. 
With the fan-governor this must interfoe with the regiilanty of tho motion, and 
in any case it jerks the machine. The author finds it best to return to the oldest 
maintaining arrangement, that of Huyghens, in which an endless chain or rope 
passes over separate winding and driving pulleys, and hangs in two loops, of wffiich 
one passes under a snatch-hlock to which the weight is hung. The chain passes 
continuously over the driving-pulley os it revolves. The author cannot understand 
why this old and simple ‘|dan is not used for turret-clocks. With suitable pulleys, 
and a chain of moderately accurate pitch, the clock works perfectly smoothly, and 
is absolutely unaffected by the operation of winding. 
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A Scheme of Water-Bujpply for the Villages and Gountry Parishes of the 

Central and Eastern Counties of England, By Professor Hull, F,R,S,, 

Director of the Geological Survey of Ireland, 

After referring to the prevalence of zymotic diseases in villages, hamlets, and 
country parishes, admittedly due to "dirt^' (which, as Lord Pmmerston defined 
it, is matter in the wrong place ”) and bad water, the author proposed to deal 
with the latter evil by a scheme applicable to the central and eastorti counties of 
England. This scheme was only intended to apply to those districts which come 
under the division of Rural Sanitary Districts^ "of the Public Health Act of 1872, 
the Urban Sanitary Districts ” bein^ provided for by local resources and en- 
gineering skill ; but the author maintained that in a large number of instances the 
villages and hamlets required the introduction of some system of water-supply 
quite as much as the larger towns and cities. 

The author’s proposal involved a double system of supply applicable in two dif- 
ferent sets of cases, (1) either by means of wells, or ( 2 ) wnen wells were inadmis- 
sible, by surface streams. He proposed, as a preliminaiy step, that, by the aid of 
the Rural Sanitary Officers appointed under the Act of 1872, returns should be ob- 
tained regarding the water-supply at present in existence in the villages and ham- 
lots throughout the central and eastern counties. These returns were to be trans- 
mitted to the Central Board of Health in London, and from them it could be deter- 
mined what were the cases requiring the application of a scheme of supply. 

The author then proceeded to point out how favourably circumstanced were 
those districts of Endand to which his observations applied for a system of supply 
by means of wells of greater or less depth. These districts were formed geologi- 
cally of the Mesozoic or Secondary strata, included between the Lower Tertiary 
strata above and the Permian beds below. And it would be found that they were 
capable of being grouped into an alternating series of permeable (or water-bearing) 
strata on the one hand, and impermeable (or dry) strata on the other. 

The permeable strata were grouped as follows : — 1. Chalk and Upper Green- 
sand. 2. Lower Greensand, o. Purbeck and Portland Beds. 4. Coralline Oolite 
and grit. 5. Great and Inferior Oolites and sands. 6. Middle Lias, or Marlstone. 
7. iNew Red Sandstone. Attaining a combined thickness of 1,275 to 5,600 feet. 

The impermeable strata were also grouped as follows: — 1. Gault Clay. 2. 
Kimmeridge Clay. 3. Oxford Clay. 4. Upper Lias Clay. 5. Lower Lias Clay 
and Keuper Marls. Attaining a combined tnickness of 2,100 to 5,000 feet. 

It was shown, by reference to the Geological Map of England, that these groups 
of strata, alternating mth each other, were spread out over considerable areas, and 
dip one underneath the other at very moderate inclinations, owing* to which the 
waters collected from the rainfall over the permeable strata percolate downwards 
till stopped by the underlying impermeable strata, forming underground reservoirs 
which might be reached by wells or bore-holes. 

It was also shown that those underground waters pass for long distances under 
the overlying impermeable formations in the direction of the aip, and could be 
reached and rendered available by wells or borings on the Artesian principle. 

As an illustration of this, the author referred to the deep boring recently made 
at Scarle, near Lincoln, where, after the impermeable Lias and Keuper Marls had 
been passed through, the water-bearing beds of the New Red Sandstone were en- 
tered, and a fine fountain of water rose through the bore-hole above the suriace of 
the ground. In this instance the water had travelled 12 to 16 miles underground, 
from the outcrop of the water-bearing sandstones near Mansfield. The author 
then described the qualities of the waters yielded by the different formations as 
shown by numerous examples submitted to chemical analyses. 

From the knowledge now possessed on such subiects, it was certain that^ by 
means of wells or borings, supplies of water could be obtained, not only in localities 
situated on water-bearing strata, but on those situated on the overlying impermeable 
strata, according to deptn. At the same time there would neceswily be a large 
number of villages oiid hamlets where the depth to the water-bearing beds and tfie 
cost of reaching them would be too greet lor the resources of the inhabitants. 
These would have to be dealt with by other means of supply. 

In order to cany out a general scheme applicable to all villages found, from the 
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returns of the Medical Officers of Health, to be insufficiently or improperly supplied, 
the author proposed to utilize the maps of the Government Geological Survey, 
now nearly complete, for the districts referred to, and on which the areas of the 
water-bearing and impermeable formations respectively are accurately laid down. 
With the aid of these maps (which were easily obtainaole) it could be determined 
by the Local Sanitary Authority whether any special village or hamlet was so situ- 
ated as to be capable of receiving a supply by a well of reasonable depth. In case 
of necessity, however, professional advice might be called in j but the author con- 
sidered that, owing to the special nature of such cases, it would be necessaiy to 
have a geologist of experience attached to the Central Board of Health, whose duty 
it would be to advise with each Local Sanitary Board as occasion might arise. 
This officer should also assist in the selection of a proper site for a well, and afford 
data for determining the depth and cost of sinking, &c. 

Upon the report by the Officers of the Local Board of Health, certified by the 
Government Adviser, of the feasibility of a plan of water-supply % a well or bore- 
hole, an order should issue for the compulsory carrying out of the work, and powers 
should be vested in the Local Sanitary Authority to raise money for the purpose. 

The well thus constructed should be carefully preserved from pollution, and be 
accessible to the inhabitants of the village or hamlet comprised in the order ; and 
aU objectionable or impure sources of supply should bo destroyed or stopped m). 

In cases, on the other hand, where it is found that, owing to the position of any 
village or hamlet in reference to the subjacent water-bearing formation, the depth 
and cost would be too great for the resources of the inhabitants, then it would be 
necessary to have recourse to the most suitable stream or brook, which should be put 
under strict regulation as regards the prevention of contamination. The author 
proposed that in such cases small tanks should be constructed for storage of the 
waters in winter, and should be vested in the Local Sanitary Board, who should 
be responsible for their due preservation. 

In conclusion the author expressed his opinion that the time for carrying out 
some general scheme of water-supply for the too greatly neglected villages and 
country parishes had come, and wnicn he considered might be carried out by com- 
bining the information to be derived from Geological Survey maps with the power 
granted under the Public Health Act of 1872. He considered that any scheme to 
be of use should bo both compulsory and of general application. He also considered 
that until every village and hamlet, as well as every town and city, had a constant 
supply of pure water for domestic purposes, sanitary legislation could not be consi- 
dered to have effected its purpose. 

On a 8ewer~Trap. By Hekby Masters. 

On the Severn Tunnel, By Charles Richardson, 

On (he Tidal Scour in the Severn* By Charles Richardson, CM* 

Tides in the Irish Sea* By James N. Shoolrred, CM* 

At the Easter equinoctial tides in 1876, a series of simultaneous observations 
were carried on at several points on the English and Irish coasts of the Irish Sea, 
on March 31 st and on April 8th, the calculated least neap and the greatest spring 
of the year. 

On me English side, at Whitehaven, Barrow, Fleetwood, Liverpool, and Holyhead, 
and on the Irish one at Belfast, Dundalk, and Dublin^ simultaneous observations 
were obtained, generally imder the direction of the Engineer in charge of the port. 

The English observations, taken by Greenwich time, have been reduced to a 
uniform level of 100 feet below the Ordnance datum of Great Britain ; while iixe 
Irish ones, where Dublin time was observed, were reduced to the Ordnance datum 
of Ireland. And as the difference between each Ordnance datum and lie mean 
level of the surrounding sea has been ascertained, it is possible, by assuming nni- 
formity in the mean sea-level, still fhrther to compare directly the two systems ci 
levels with eaeh nther. From a general comparison of these ' tidal data fihe fol- 
lowing conclusions may be roughly drawn, 
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Ist. That the time of H. W. at all the points of observation is practically the 
same^ allowance being made for the disturbing influence of weamer; and the 
same remark applies to L. W, 

2nd. That the level of H. W. at all points (actually toUhm the Irish Sea) on 
each coast, taken separately y is nearly identical \ and the same may be said of the 
level of L. W. 

3rd. That the tidal range on the English coast is about double of that on the 
Irish side. 

In explanation of these peculiarities it must be borne in mind that there are two 
tides which set into the Iiish Sea — the northern one round the north of Ireland, 
and the southern one coming from the English Channel, the meeting of the two 
being somewhat along a line drawn from Fleetwood across to Dundfuk. 

Captain Beechey, K.N., who some years back made considerable researches as to 
the tides of the Irish Sea, described them under the name of Stationary Tide," in 
contradistinction to the Progressive Tide," where the times of H. W. and of L. W. 
at different points vary with the distance previously travelled by the tidal wave. 
The result or the above-named simultaneous observations has been on this head to 
confirm positively what Captain Beechey and others had supposed to be the case. 

The greater range of the tide on the English side, 30 feet at equinoctial springs 
as against 16 feet, may be accounted for by the shallow water of Morecamhe and 
Liverpool bays and along the English coast, where, under well-known tidal laws, 
a considerable heaping up and a corresponding depression might be anticipated. 

At equinoctial springs the H. W. on the English side stands about 7 feet 
ahcyccy and at L. W. about 7 feet helow that on the Irish coast ; while at equinoc- 
tial neaps the excess on the English side, both at H. W. and at L. W., is reduced 
to little over one foot. 

Tides in the hnsh Sea, 


1 Equinoctial Spring-Tide, April 8, 1876. 


L. W. 

H. W. 

L. W. 

Kemarks, 


Time. 

Height 

Time. 

Height 

Time. 

Height 

Whitehaven 
Barrow ... 
Fleetwood . . 
Liverpool . . 
Holyhead... 

Belfast 

Dundalk ... 

Dublin 

Kingstown 

h m 

6 45 A.M. 
8 30 „ 

7 15 „ 

6 45 „ 

6 15 „ 

6 0 „ 

7 50 „ 

6 0 „ 

5 45 „ 

ft. in. 
86 0 
84 3 
80 9 
84 2 
89 8 

95 10 
93 8 
93 2 
92 7 

h m 

12 45 p.m. 

1 30 

12 45 „ 
12 noon. 

11 30 a.m. 

12 15 p.M. 
12 15 „ 
12 46 „ 

12 45 „ 

ft. in. 

113 0 

114 11 

115 8 
113 11 
108 2 

105 10 
108 0 

106 2 
105 1 

h m 

7 15 p.M. 
9 0 „ 

7 45 „ 

7 15 „ 

6 45 „ 

6 15 „ 

8 00 „ 

6 15 „ 

6 15 „ 

ft. in. 
86 0 
83 7 
87 0 
83 7 
89 1 

94 10 
93 10 
92 8 
91 11 

N.N.w. Btrongbreeie. 
N. light, 29*80. 

N.s. gale, 29*50. 
N.K.E. strong, 29*73. 
N.E. strong. 

[30*20. 
N.B. strong Breeze, 
N.E. strong breeze, 
N.E. strong. [30*0. 
N.w. strong, ^’87. 

Equinoctial Neap-Tide, March 31, 1876. 

Whitehaven 
Barrow ... 
Fleetwood 
Liverpool,.. 
Holyhead... 

12 15 r.M 
12 16 „ 

12 noon. 

11 45a.u. 
11 0 „ 

94 9 

93 4 

94 6 
93 4 

95 8 

6 16 P.M. 

ft it 

it tf 

5 46 „ 

103 7 

103 4 

104 3 
102 8 
101 6 

1 0 A.M. 

ft ft 

»» ft 

ft tt 

12 midn't. 

96 8 

94 3 

95 1 
94 1 

96 6 

Light. rao-oo. 

N.w. fresh breeze, 
N.w. calm, 80*50, 
N.N.w. light, 30*00. 
N.N,w.Btrong, 30*62. 

Belfast 

Bundalk ... 

12 noon. 

»i ♦> 

97 10 

96 9 

97 0 

6 00 „ 

7 00 „ 

7 00 „ 

102 10 
102 8 
102 2 

12 45 a.m. 

98 9 

N.N.w. light, 30*00. 
N.N.w. light, 30*65. 
N. very fight. 


» » 




Greenwich Time throughout (Bublin time being 25® 21* behind Greenwich). 
Batum of levels, 100 feet below English Ordnance. 

Assuming the Meim Sea-level to bo uniform, Irish Ordnance s:s92 feet inehaQ 

above Batum. 
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On, A, S, Eallldie*a Wire Rope TNief^n-Bailway. By W. Smith, C.E, 


0)1 a meam of Recording the Movements of Points and Signals. 
By W. Smith, C.E. 


On a BreeehAoading Mountain Gun. By W. Smith, C.E. 


On a Military Bidon. By W. Smith, C.E. 


On Portishead Doclc. By F. C. Stilemah, C.E. 

Position . — ^The docks are situated on the eastern side of Portishead Hill, which 
forms a most complete shelter, both to the dock and approaches thereto. 

Pier and Outer Works . — A timber pier, having a double line of railway, 640 feet 
in length, was constructed by the Bristol and Portishead Pier and Railway Com- 
pany in tne year 1870. The new works were commenced by continuing the line 
of this pier for a length of 430 feet inland, completing nearly 1000 feet of outer 
quay wall and pier. A return wall, forming tne entrance to the docks, and in 
which the entrance-gates will be erected, is also constructed. All this work has 
been executed between the times of the tides, or tidal work.” 

Dam . — A temporary dam is formed across the future entrance, constructed of 
wrought-iron girders built into the masonry and planked with Jmbor. 

Interior Works . — The tide was excluded on the 10th June, a not sufficiently long 
time to allow of the inner works being in full swing,” Some portions of the ex- 
cavation are down to within 2 feet of the permanent level of the dock. The foun- 
dation of the dock and wharf wall have been proved to consist of rock and marl. 

Lock . — The lock will be 660 feet in length, and 66 feet in width ; the sills are 6 
feet above L. W. 0. S. tides, affording a depth at II. W. of 34 feet at 0. S. and 26 
at neaps. 

Provision has been made for excluding the equinoctial tides by a caisson 
(already built). 

Dock . — The wharf wall will be built (and is just about to be commenced) in the 
same straight line as the outer wall for a length of 1800 feet. 

The area of the dock will be 12J acres, having a depth of 24 feet. In addition 
to this, a considerable area covered by water will be available for timber ponds. 

Anchorage . — The well-known anchorage ground at King Road is immediately 
adjacent to the docks. 

Railway . — The Bristol and Portishead Railway, in connexion with the railw^ay 
system and these docks, was opened in 1807. 


On CmmuniccUion between Passengers and Guards. 

By Messrs. Stboitdley & Rusbuidge. 

On Vertical Motion of Vessels. By John I. Thorntckoet. 

The present paper treats on some experiments made to ascertain the vertical 
motion of a vessel relative to the undisturbed water-surface. 

The experiments were made with a torpedo-boat, 67 feet in length and 84 
feet beam, which had a speed of about 19 knots. The water-surface was measured 
at three points respectively (1, 14, and 27 feet ahead of the launch) by suspended 
weights adjusted to its surface, as suggested by Mr. Fronde (see Plate XUI. fig. 8), 
the inclination of the boat and revolutions of the propeller being at the same time 
noted. 

The results are shown in the accompanying dia^m (see fig. 4, Plate XHI.), where 
the horizontal ordinates represent revolutions of the propeller per minute (240 to 
one inch) ; the vertical ordinates of the line A, speed of screw ; vertical ordinates of 
the curve B, speed of boat j the curve 0, inclination of the vessel in 126 inches j 
tiie curve D, motion of centre of m»vity relative to water-surface at rest ; the curve 
B, mean reading of the weight No. 8 $ F, mean reading of weight No. 2 ; G, mean 
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i*eadmg of weight No. 1. In the diagram the vertical scales being — for speed 12 knots 
per inch, for inclination in 125 inches and vertical motion of vessel 12 inches per 
inch, for motion of weights 24 inches per inch. 

The diagram shows that the vessel sank more deeply as the speed increased to 
about 12 knots, when almost suddenly, with increasing speed, the boat rises ; and 
this continues up to the highest speed attained, the depression at 12 knots being 
about 5 inches, and the elevation at 19 knots 3 inches, Thus the greatest change 
of level observed was about 8 inches. 


Oil a Machine for the Calculation of Tides. By Sir W. Tilomsox, F.R.S, 


On Methods of (f winy Distinctive Characters to Liyhthouses. 
By Sii W. Thomson, FM.S., and J. Hopkinson, D.iSc. 


On the Channel Tunnel^. By W. Toplev, F.G.S., Assoc. Inst. C.E. 

The author first described the geological structure of the shores of the Straits of 
Dover, noting especiall}’ the water-bearing qualities of the various strata. The 
most important bed in relation to this question is the Chalk ; the upper part of it 
contains layers of flints, which are wanting in the lower part. Water passes only 
slowly through the mass of the ehalk, hut more freely along joints and Assures or 
along the lines of flint. Below the Chalk come Gault, Lower Greensand, Weald 
Clay, and Hastings Beds. Of these the Gault and the Weald Clay may be taken 
as impervious beds. The author then passed on to note the lower beds, which come 
to tlie surface near Boulogne, but which are only known in the 8.E. of England 
by the Sub-Wealdeii boring The various folds into which the strata have been 
thrown were then noticed, and the relation of these to the structure of the district 
was discussed. 

The author then leferred to the various schemes which had been proposed for 
traversing the bed of the Channel, dwelling in gi'eatest detail upon that of Sir J. 
Hawksluiw — a tunnel throuj^h the Chaih. lie alluded to the views of Prof. 
Hubert as to the supposed existence of a large transverse fold in the Channel, which 
it was suggested might seriously interfere with the work, by bringing up beds 
lower than the Chalk along the proposed line of tunnel. He was not prepared to 
follow Prof. Hebert in his argument, believing that there was no evidence of such 
diflicuUies as were suggested. It is frequently supposed that faults in the strata 
would cause great inconvenience ; but the author showed, by reference to actual 
workings in coal and other mines, that the danger here was exceedingly small, and 
that tliere is no reasonable expectation of ineotiiig with a larger quantity of water 
than can be dealt with by pumping. 

The author refeiTed to" a proposal, by Prof Jhestvvich, to construct a tunnel 
through the Palieozoic rocks ; and ahso to one, lirst suggested by Mr. 11. Willett, 
for using in this way the Kimnieridge Clay, which occurs in great thickness in 
the 8uh-Wealden boring, and also exists on the French coast, lie showed that a 
tunnel through the Kimnieridge CKy would be quite feasible, the chief objection 
being its len^h. He gave a preference to Sir J. Hawkshaw’s scheme — a tunnel 
through the Lower Chalk, and had little doubt that this could be successfully 
earned out. 


On a Machine for obtaining Motive Foiver from the Motion of a Ship atnony 
Waves. By BEArcHAMP Towt-jk. 

This macliine consists in principle of & weight supported on a spring, so that it 
can oscillate on the spring through a considerable range in a vertical line. The 

* This subject has been discussed in greater detail by the author in ‘ Quart. Joum. 
of Science ‘ for April 1872, ard ‘ Pop Sci. Review’ for October 1874. 

1875. * 
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scale of the spring, and consequently the natural period of oscillation of the weight, 
can be varied at will. When it is so adjusted that it synchronizes with the waves, 
the oscillations become very violent, and a large amount of power can be obtained 
from them. The theoretical amount of power per minute in foot-lbs. obtainable, 
T^hen the synchronism is perfect, is equal to 5'r7xthe range of oscillation of the 
weight X the mass of the weight in lbs. X the etfoctive height of the waves in feet, 
divided by the cube of the period in seconds. 



«i-=ma8B of oscillating weight, in lbs. 

P= period of oscillation, in seconds, 

range of vertical oscillation of ship, in feet 
y — range of vertical oscillation of weight 

Maximum force on spnng = F^?^ 5 ^^. 


Work per oscillation in foot-lbs. == the area of ollipse^w — 


Work per minute = 


v;G0 __ 57 Tf/wj* 


F;i’7r _ 


The manner in which this result is arrived at is explained by the diagram. The 
dotted wavy line represents the motion of the ship through one oscillation, and the 
full wavy line that of the weight. The distances between these two lines are indi- 
cated by the ordinates h, r, &c., which also represent the tension of the spring. 
When the ship is rising the spring is pushing down, and when it is falling the spring 
is pulling up, thereby affording a resistance against which the ship can work. The 
ordinates a, c, &c., planted as ordinates on a line which represents the vertical 
motion of the ship, make an elliptical figure, the area of which represents the work 
taken out of the snip and put into the oscillating weiglit in one complete oscillation. 

In practice the spring would consist of liighlv compressed air pressing on the rams 
of hydropneumatic cylinders ; and the arrangement is such that the vessel containing 
the compressed air forms the moving weight. The natural period of oscillation in 


seconds = 27r a / — , in which c is the capacity of the air-vessel in cubic feet, and 
V <^9 


a is the sum of the area of the rams in square feet. 

The author exhibited a design for a machine for worlving an auxiliary propeller 
of a sailing-ship of 1800 tons displacement. The moving weight in this case is 
200 tons ; and lie showed by calculation that with a range of oscillation of 20 feet 
it would give, after allowing for friefion, about 80 horse-power in the long swell 
met with in the tropical calm, 200 horse-power in average ocean-waves, and more 
than 600 horse-power in a heavy head sea. The space occupied by the machine 
compares favourably with a steam-engine of the same power. 

The author exhibited a model of the machine, which in a moderate sea had yielded 
power at the rate of horse-power per ton of moving weight. 


On a Revolution- Indicator. By Beauchamp Tower. 

The simplest form of the instrument invented by the author is a centrifugal 
pump, The centre of the pump-case is connected to a small tank, and the periphery 
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io a vertical glass tube. The pump-case and tank contain water. The fan of the 
pump is rotated by the engine, the speed of which it indicates by the centrifugal 
Force causing the water to rise in the glass tube, and to indicate by its height, cor- 
responding to marks on a scale, the speed, in revolutions per minute, at which the 
engine is running. 

In ships < if war it is very desirable that the revolutions per minute should be 
visible at a glance, both to the engineer in the engine-room and to the officer of the 
watch on the bridg'^. This the author ellects bv carrying two small pipes from the 
engine-room to the bridge ; one of these pipes is connected to the centre, and the 
other to the periphery of a centrifuiral pump fived in the engine-room and diiven 
by the eugine. The pump and pipes are full of water ; and the centrifugal force, 
due to tlie rotation ot the pump, creates a difference of pressure in the two pipes, 
which dilFerence is the same at any point in the two pipes, and is rendered sensible 
in the engine-room or on the bridge bv a differential pressure-gauge applied to the 
two pipes, and capable of measuring the difference of pressure. By properly gra- 
duating the dials of these gauges, the indications can be read in revolutions per 
minute of the engine. 

Attaclied to this apparatus is an arrangement for indicating whether the engines 
are going ahead or astern by means of a small oscillating air-pump, which pumps 
air into a small pipe wlien the engines are going astern, and sucks the air out of the 
pipe when they are going ahead This pipe is carried to the bridge, and connected 
to a small cylinder coiitaiiiiiig a piston which moves to one or other end of the 
cylinder according as the pressure in tlie pipe is above or below that of the atmo- 
sphere. This piston is attached to and moves a piece having the words ahead” 
and astern ” ^written on it, and causes one or other of these words to become 
visible, as the case may be. 


On Steering. By Joseph Woolley, LL,D,^ Vice-President of the Institution 
of Navrd Architects. 

The only mode of steering considered in this paper is that in which the rudder 
is the instrument employed, screws placed atliwartship'^, in tlie bow or stern, and 
jets of water on the principle of Rutliven’s propeller, having been proposed, but 
never seriously adopted. 

Ancient authors always assumed that, in accordance with the received theory of 
resistance, the resistance on the rudder \aried as //^ sin ^ <t>, where v is the velocity of 
the ship and the angle to wliich the rudder is put over. Modern observations and 
experience show that this law is incorrect ; that the resistance is not uiiilorm over 
the whole surface, but more efiective at the fore than the aft part ; and the pivot- 
balanced rudder gives reason to believe tliat the resistance of the foremost third is 
emiivalent to that on the aftermost two thirds of the whole surface. It is also now 
allowed by most competent authorities that the lesistance at different angles varies 
more as the sine than ns the square of the sine of the angle. In accordance with 
the old theory, the angle of maximum efficiency wa^t laid down at 54 deg. 44 sec. 
Boiigiier points out that this angle is too large, and that it ought to be reduced, in 
consequence of the change of direction of the water particles at the upper or 
broader part of the ship ; and in a general way thinks it should be reduced by at 
least 7 deg. or 8 deg. Euler, following in his steps, by reasoning analogous to rudi- 
mentary stream-line principles, finds that v cos jsi is the velocity with which the 
particles of water impinge on the rudder at the part where /3 represents the angle 
made by the water-bne with the fore and aft lines. He then deduces for the angle 

of maximum efficiency at that height 90° where y=co8’' ^ cos ^. Thus, 

if ^ be 45 deg., this angle is 29 deg. 9 min. But as the angle varies for different 
water-lines, he concludes in favour of a mean angle of 48 deg., or at least 45 deg. 

There is reason to believe that not only does the putting over of a rudder produce 
a direct resistance on its outer surface (which alone has hitherto found its way 

19 * 
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into mathematical formulie), but also increases the pressure on the stern-post ani 
dead wood for a considerable distance forward by checking the velocity, tiie efiect 
of which on the turning of the ship would form a considerable item in the whole 
action. This is in accordance with the principle of stream-lines so ably explained 
by Mr. Froude, in which he shows that a diminished velocity is always accompanied 
by increased pressure. When the stream has, however, set up a decided cuirent 
towai'ds the outer edge, the velocity increases and the pressure diminishes. This 
explains the experimental fact before mentioned, that the fore part of the rudder is 
more efficient tnan the after part. In accordance with this view, it is understood 
that some ships in the royal service are being fitted with the balanced rudder, so 
arranged that, when under canvas only, not only is the fore part of the rudder 
turned into a stern-post, and the blades of the screw made to act as dead wood, 
but additional dead wood is made to run out under the counter, so as entirely to fill 
up the cavity before the screw. 

There are two conditions in the putting over of the rudder to he considered. At 
the first moment the axis of motion, or instantaneous axis of rotation, is not the 
centre of gravity, hut a point determined as follows : — The first impulse in the 
rudder is to produce a pressure on it peiptmdicular to its surface, which on ordinary 
mechanical principles is equivalent to an impulse applied to the ship at its centre 
of gravity in a parallel direction, and a cou])le to turn it round the centre of gravity. 
In ng. 2, Plate XIII., A is the instantaneous axis, thus formed : B G A is drawn per- 
pendicular to the direction of the water-pressure on the rudder ; G I) parallel to B C, 
and equal to the ship’s outer radius of gyration round a vertical axis through G ; 
D A is drawn at right angles to B D, cutting B G produced in A. Then, evidently 


by the construction, Q A = 


GB ““ GB 


gives A the instantaneous axis. 


This is only true at the first moment. The ship afterwards shifts laterally until 
the lateral resistance so created becomes equal to the lateral force on the rudder, 
and there remains a couple turning the ship round, whose force is the resistance on 
the rudder, and the arm the distance between the centre of effort on the rudder 
and the centre of lateral resistance on the ship. This latter point is almost always 
before, and sometimes very considerably before, the middle point of the ship’s 
length. Hence evidently the stern is the most effective place for the rudder, as no- 
where e^se can this arm be so large ; and hence also is the manifest disadvantage 
of a rudder raking forward from the top downwards, as is sometimes the case in 
yachts, which aiTangement not only diminishes the arm of the turning couple, 
out practically increases the immersion in consequence of the existence oi a verti- 
cally resolved part of the w^ater-pressiire on the rudder 

Sensibility to the helm {{. e. quickness and readiness in a ship to go abouG is 
a most important quality. At tne first moment the angular acceleration, whicn is 
a measure of this sensibility, varies directly as the moment of the water-pressure 
on the rudder, and inversely as the product of the weight of the ship and the 
square of its radius of gyration about a vertical axis through the centre of gravity. 
The moment of water-pressure varies cceteris paribus as the area of mdder surface. 
When large ships were first built the area of rudder surface was not increased in 
proportion to the dimensions; hence large ships {e.g, the G^chilles’) were not 
handy. Handiness is also diminished by putting heavy weights at the stem and 
stern, and so increasing the radius of gyration. A short ironclad would thus carry 
heavy bow and stern guns with less injury to steering qualities than a larger one. 
The great difficulty under which naval architects lay on the first introduction of 
large ships was not in making the rudder big enough, but in finding power enough 
on the wheel to turn them through an efficient angle, rudders of even moderate size 
being found to require the united efforts of 40 or even 00 men to bring them oi er 
to 18 deg. or 20 deg. , not to speak of 88 deg. or 40 deg. This difficulty has since been 
overcome by ^plying steam or hydraulic pressure to the wheel. In the latter case, 
however, if Mr. Keed’s explanation of the cause of the ^ Bessemer ’ not answering 
her helm fast enough on steering into Calais harbour be accepted, there seems to 
be the inconvenience that it requires an appreciable interval of time to move the 
rudder ; and hence for instantaneous purposes (e. g, getting clear of an obstacle or 
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avoiding a collision) this mode of supplying power is faulty. The period in which 
a complete turn of a steam-ship is eitected and the diameter of the circle described 
are important elements in the nandiness. 

On this subject I abridge from M. Berlin’s ^ Notice sur la Marine a Vapeur de 
Guerre et de Commerce,’ 1875. In tig. 1, Plate XIII., f is the pressure on the 
rudder 0 B, and F the resultant of the lateral pressure acting through the ship’s 
centre of lateral resistance and the diiect resistance acting on the bows, v is 
the velocity of the ship in direction G V. Though here the angular velocity 
has become uniform, G C perpendicular to G V is the diameter of the circle in 
which the ship turns. A G V la the angle of turning described in a unit of 
time while the ship moves through the space V. The moment of resistance of 
the water to the ship’s tinning, which is nearly proportional to the square of the 
angular velocity, is equal to the moments of the two forces /and F. The sum of 
the projections of these force's on the line G C is equal to the centripetal force under 

\V 

which the circle is described, and therefore to If, then, / and F were 

exactly proportional to and made with the axis 0 A a constant angle, the 
length of the radius G 0 would be independent of the velocities, and the period of 
a complete tuni would vary inversely as V. In actual practice the velocity di- 
minishes, the lateral resistance which is due to the small lateral velocity decreases 
more slowly than the direct resistance which is proportional to V^, the angle made 
by G F with G C increases, and the centripetal force decreases more slowly than 
and the radius G C diminishes. The circles described thus become smaller at 
smaller velocities. In comparing similar ships of different dimensions, f and F 
increase as the square, while W increases as the cube of the dimensions. Hence 
G 0 should increase nearly in the direct ratio of the dimensions. Thus the dia- 
meter of the circle described by a ship in a complete turn should be about twice 
that described by a similar ship of half its length 

The smaller the diameter of the circle in which a ship turns the more handy 
she is. Becords of the performances of the moat handy ships in the English and 
French navies established five times the length as the limit below which this 
diameter never falls. IMention has been made of the dilficulty felt by naval archi- 
tects in supplying ellective steering-apparatus in lieu of the limited power available 
in former days at the tiller. M. Barnes, starting from the principle that only a 
given power could be thus used, made an investigation of the conditions under 
which this could be most efficiently applied. lie established two propositions : — 
(Ij that for the same power to bring over rudders of different breadths to different 
angles, the breadths should be inversely as the sines of the angles; and (2) that 
the efficiency of the rudder under such circumstances varies as the sine of twice 
the angle. Hence, if a rudder of a certain length could be brought over to 16 deg., 
a 1 udder of half its breadth could he brought over by the same force to 60 deg., and 
the efficiency thereby nearly doubled. He recommended subsidiary rudders to be 
fitted so as to assist the main rudder when required. Such rudders were tried by 
Admiral Halsted at Sheerness in 1863, but were found to diminish instead of in- 
creasing the steering efficiency. This investigation has now little more than an 
historical interest. It is to be observed that he finds the angle of maximum effi- 
ciency to be 46 deg., which, however, on stream-line principles, would reij^uire to be 
reduced to 33 deg. or 34 deg. The law of variation of the resistance which he adopts 
is that of the square of the sine. If that of the sine alone be introduced, it would 
seem that the breadths of the rudders should he inversely as the square root of 
the sines, and the angle of maximum efficiency 36 deg. 16 min., or, practically, 
30 deg. 

It is often asserted now-a-days that the lower part of the rudder is of no use ; 
and hence the practice of cutting it away has come into vogue. An experiment, 
however, made by Mr. Fronde, which he kindly communicated to me, leaves no 
doubt that this opinion is erroneous. To a model of the new ^Encounter,’ 10 ft. 

6 in. long, was fitted a rudder, consisting of two blades of equal dimensions, one 
above the other, and fixed at an angle of 30 deg. They were governed by the 
same tiller, provided with a giadualed arc, to which it could be clamped ; thus, 
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when the angle of one blade was reduced, that of the other was increased to an equal 
extent. The model was towed the nose with an arrangement which allowed 
perfect freedom of motion in a vertical direction, but inexorably resisted any attempt 
at lateral motion, while the stern was left perfectly free to move sideways in 
either direction. The set of the rudder was varied until she followed neutrally ; 
and it was found that when she did this, the upper half required just 20 deg. of 
inclination to balance the lower half with 10 deg., thus proving incontestably the 
higher efficiency of the lower half. Possibly, however, an advantage may accrue 
from raising the centre of effort on the rudder, in some cases by reason of the arm 
of the turning couple, viz. the distance between this centre of effort and centre 
of ship’s lateral resistance becoming less inclined ; while this is inclined, there is 
a tendency to heel, which may sometimes be troublesome, especially in sailing- 
ships. 

Stream-lines modify the velocity and the direction with which particles of water 
impinge on the rudder less perceptibly in screw-propelled than in sailing-ships. 
Another phenomenon may he noticed, viz. that a vessel or model moving in tne 
direction of its length is, on stream-line principles, in a position of unstable equi- 
librium. She will always have a tendency to deviate on one side or the other — 
on which seems a matter of indifference ; but this tendency will, when once ex- 
hibited, go on increasing until she turns broadside on to her original direction. In 
a sailing-vessel moving obliquely to the direction of the wind the relative position 
of the centre of eflbrt of sail and of lateral lesistance may oblige her to carry lee 
or weather helm according as she is ardent or slack. In any case the less helm a 
ship requires, the leas is her wsy retarded, and the better she will sail. 

1 can only glance at the improvements which have been made in the forms of 
rudder ; of these the most impoHant, as far as screw-ships are concerned, is the 
pivot-balanced rudder, in which, by placing the axis of rotation at or near the 
centre of effort, very little poTvei is required at the tiller or wheel to bring it over 
to any required angle. Tlie iiiost usual form is that fitted to the ‘ Bellerophoii,’ in 
whicli the proportion of the fore and alt part (determined by experiment) is as 1 
to 2 ; when under steam the column of water driven backwards by the screw acts 
powerfully on each side and produces a strong turning power. "When under sail 
the fore part is disconnected fiom the aft, and being hxed in the direction of the 
keel, becomes a stem-post. The means of still further increasing this stem-post 
or dead wood by a movable plane under the counters now titting in screw-ships has 
already been adverted to 

Luniley's rudder, m which the aft part is capable of being brought over by a 
system of chains or other suitable apparatus under the counter to a larger angle 
than the fore part, is based on a sound principle, intended by the inventor to imitate 
the action of a fish’s tail. It is evident that by checking the velocity of the im- 
pinging stream a very considerable additional pressure is brought to bear on the 
lore pait, and thus the steering quality is much improved. It was formerly fitted 
in several of H.M. ships, hut has been latterly discontinued in consequence of the 
rusting and corrosion of the chains and self-acting machinery under water. Chap- 
lin’s rudder, consisting of two plane surfaces fitted in the counter, inclined at about 
an angle of 30 deg., the outer edges flush with the counter when not required, hut 
let down by suitable machinery when wanted for use, was tried on board H.M. 
ship ‘ Sultan ’ and immediately condemned as useless, needs no further comment. 
Other forms which have not been received at all favourable need no description. 

Another form, however, invented by Mr. Gumpel, seems very promising. Its 
peculiarity is that the tiller-power applied in the ordinary way gives motion to a 
crank working on a vertical axis moving freely on the rudder-blade at or about the 
centre of water effort. The fore end of the blade is directed by a pintle moving in 
a fore-and-aft slot, so that it always remains in a line with the keel. When put 
herd over to an angle of 38 deg. 40 min. the crank is at right angles to the blade, 
which requires the length of the crank to he to the distance of the vertical axis 
i^m the fore edges as 4 to 5. The ratio of the forces required at the tiller of this 
rudder to that of the ordinary rudder, to keep it at angles of 5 deg., 10 deg., 16 deg., 
up to 36 deg., and 88 deg. 40 min., is given in the following Table, and is in- 
dependent of the laws of resistance. 
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Angles at which 
rudder is hold. 

0° 

50 


10 ° 

15° 

2O0 

250 

30° 

35° 


38° 40' 


Batio of forces at the tiller in 
Gumpel’s and common rudder. 

-80 

-78 

-74 

-60 

-50 

*44 

*29 

-13 

*00 


The ratio of work required to put over the two rudders respectively to angle 
38 deg. 40 min. is found to be four tenths if the resistance is supposed to vary as 
the square of the line of inclination, and five tenths if (as is more correctly assumed) 
it vary simply as the sine of this angle. 

The value of this rudder is manifest, as when the angle increases the relative 
force diminishes considerably ; and after about 2(3 deg. the absolute force diminishes, 
until at 38 deg. 40 min. it vanishes j and it is for the higher angles that the diffi- 
culty of putting the common rudder over is most felt. 


APPENDIX. 

Oh the Effect of Heat in alieriny the Molecular Structure of Steel, By AY. F. 

Baerett, F.E.S,E.j Professor of Physus,, lloyul Colleye of Science for 

Ireland. 

If a wire of steel of any thickness be heated, by any means, at a certain critical 
temperature and for a certain length of time, the wire ceases to expand, although 
heat be continuously poured in. During this period also the wire does not sen- 
sibly increase in temperature. The length of time this abnormal condition lasts 
varies with the thickness of the wire and the rapidity with which it can be heated 
through its mass. 

Hods of steel from two to three tenths of an inch in diameter cease to expand for 
fi\e seconds when the wire is heated in a powerful combustion -furnace. This 
change takes place as the wire begins to glow with a red heat and after it has ex- 
panded one hundredth of its total length. The temperatiu'e of the critical point is 
a little over the melting-point of antimony, but under that of silver, The heating 
being continued, the elongation of the wire is resumed till the wire glows with the 
full heat it can attain from the source; it then ceases to expand, and no fiuther 
change is noticed till the heat is cut off Wlien this is done, the wire begins to 
cool down regularly, till it has reached the critical point at which the change took 
place on heating. Here a second and reverse change occurs. This is the disturb- 
ance first noticed some time ago by Mr. Gore, and which he believed was confined 
to the cooling of steel wires and of wires of small diameter This, however, the 
author has found not to be the case. Hence it appears that, at a certain critical 
temperature, the molecular structure of steel changes. The specific heat of the 
metal doubtless increases at this point, and the heat that is rendered latent is again 
given out at the corresponding temperature during cooling, when both the molecular 
structure and the specific heat of steel pass into their normal stale at the tempera- 
ture of the air. 

The molecular disturbances during the cooling of steel wires are thus exceedingly 
remarkable, and may be summarized as follows : — 

Ist. At the critical temperature these wires undergo a momentary and consider- 
able elongation, the amount mainly depending on the strain to which the wire is 
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subjected. When wires of gradually increasing thickness are used, the amount of 
the elongation diminishes; but the "duration increases considerably, lasting fifteen 
seconds with a steel wire from two to three tenths of an inch in diameter. 

2nd. At the moment that the expansion occurs, an actual increase in tempera- 
ture takes place sufficiently large to cause the wire to glow again with a red heat. 
It is very curious that this after-glow has not been noticed long ago, for it is a very 
conspicuous object in steel wires that have been raised to a white heat and allowed 
to cool. 

3rd. The molecular change taking place during cooling is accompanied by a 
series of ticking sounds like those produced by scraping the edge of a metal plate 
with a jagged Knife. 

4th. But the most interesting point remains to be noticed. This is the fact that 
the critical temperature is precisely that at which iron and steel resume their pro- 
perties as magnetic metals, a property they had lost when at a white heat. 

6th. Further, the molecular changes already noticed are coincident with the 
alteration in the thermoelectric properties of iron discovered by Prof. Tait. It 
appears, therefore, that this remarkable critical temperature of steel is intimately 
connected with many different and important phenomena. Some light may thus 
be obtained on the inner structure of a magnet and other obscure phenomena. 
The author stated that he had brought forward the foregoing points in a research 
that is now in progress, in the hope that he might have the benefit of suggestions 
from the eminent physicists that were present. 


On Mechanical Self-Registering Apparatus for Barometer^ Therraomeier ^ Rain^ 
and Wind-Gauges. By N. Lowenthal Lonsdale. 

The author described (1) a glass pen, of the form of the Wurtemberg siphon, 
filled with clear lithographic ink, and marking on a prepared zinc plate or cylinder,, 
from which might be printed zincographically copies for distribution and com* 
parison ; (2) the gearing, the tape ■’ connexion instead of rack and pinion ; and 
(8) two sensitive thermometers — one an iron tube 6() inches long (closed at one 
end), filled with mercuiy*, and an iron piston ground in at the open end : the 
piston has a play of one inch between the freezing- and boiling-points ; but by 
means of his gearing this inch can he augmented aa libitum^ and in connexion with 
the writing-apparatus would mark any fraction of Fahrenheit’s degree. The other 
thermometer is a hammered or drawn zinc rod, 13 feet 6 inches long. These ther- 
mometers being fixed in the open air move an axis which penetrates the wall (or a 
pane of glass) ; and fixed on the other end, in the room^ is an index, as also the 
well-balanced registering-apparatus. 

Rain and velocity of wind are indicated by a governor and the above-mentioned 
gearing ; and the direction of wind by an arm, in connexion with the vane-shaft, 
revolving round a zinc cylinder. 
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Objects and rules of the Association, 
xvii. 

Places and times of meeting, with names 
of officers, from commencement, xxiv. 

List of former Presidents and Secretaries 
of the Sections, xxx. 

List of evening lectures, xl. 

Lectures to the Operative Classes, xlii. 

Treasurer’s account, xliii. 

Table showing the attendance and re- 
ceipts at the Annual Meetings, xliv. 

Officers of Sectional Committees, xlvi. 

Officers and Council for 1875-76, xlvii. 

Report of Council to the General Com- 
mittee at Bristol, xlviii. 

Recommendations adopted by the Ge- 
neral Committee at Bristol : — invol- 
ving grants of money, lii ; applica- 
tions for reports and researches, Iv ; 
communications to be printed in ex- 
temoj Ivii ; resolutions referred to the 
Council by the General Committee, 
Ivii. 

Synopsis of grants of money appropriated 
to scientific purposes, Iviii. 

General statement of sums which have 
been paid on account of grants for 
scientific purposes, lx. 

Arrangement of General Meetings, Ixvii. 

Address by the President, Sir John 
Hawkshaw,C.E.,F.R.S.,F.G.S.,lxviii. 

Allen (A. H.) on the estimation of pot- 
ash and phosphoric acid, 24. 

Analytical forms called trees, Prof. 
Cayley on the, with application to 
the theory of chemical combinations, 
267. 

Ansted (Prof.) on underground tempe- 
rature, 14, 156. 

Armstrong (Dr. H. E.) on isomeric cre- 
solsand their derivatives, 112. 

Avon, the River (Bristid) : its drainage- 
area, tidal pliPMomtmn, and dock 
works, T. Howard on, 175. 


Balfour (F. M. ) on the zoological station 
at Naples, 18. 

Barnes (Rev. H. F.) on the possibility 
of establishing a close time ” foV 
the protection of indigenous animals, 
184. 

Bate (C. S.) on the present state of our 
knowledge of the (Crustacea, 41. 

Bateman (J. F.) on the rainfall of the 
British Isles, 01. 

Behrens (J.) on combinations of capital 
and labour, 146. 

Binney (E. W.) on the circulation of 
underground waters, 114. 

Boycott (Dr.) on the method of making 
gold-assays, and of stating the results 
thereof, 155. 

Brady (G. S.) on dredging oflT the coast 
of Durham and North Yorkshire in 
1874, 185. 

Bramwell (F. J.) on the treatment and 
utilization of sewage, 66 ; on the 
circulation of underground waters, 
114. 

Brassey (T.) on combinations of capital 
and labour, 146. 

British Isles, report on the rainfall of 
the, 91. 

Brooke (C.) on the rainfall of the British 
Isles, 91 ; on observations of luminous 
meteors during the year 1874-76, 
199. 

Brough (J.) on earthquakes in Scotland, 
64. 

Brunton (Dr. L.) on intestinal secretion, 
339. 

Bryce (Dr.) on earthquakes in Scotland, 

U. 

Busk (G.) on the exploration of Kent’s 
Cavern, 1. 

Capital and labour, second report on 
combinations of, 146. 

Carboniferous corals, sixth report on the 
structure of the, 166. 
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Cayley (Prof.) on the analytical forms 
called Trees, with application to the 
theory of chemical combinations, 257 ; 
on mathematical tables, 805 ; on 
mathematical notation and printinjr, 
887. 

Chemistry, report of the committee for 
superintending the publication of the 
monthly reports of the progress of, 

184. 

Circulation of the underground waters in 
the New Red Sandstone and Permian 
formations of England, and the quan- 
tity and character of the water sup- 
plied to various towns and districts 
from these formations, report on the, 
114. 

Clilford (Prof.) on mathematical nota- 
tion and printing, 887. 

“ Close time ” for the protection of indi- 
genous animals, report of the com- 
mittee appointed to inquire into the 
possibility of establishing a, and for 
watching Bills introduced into Par- 
liament affecting this subject, 184. 

Corfield (Prof.) on the treatment and 
utilization of sewage, 05. 

Crosskey (Rev. H. W.) on the erratic 
blocks of England and Wales, 82 ; on 
the circulation of underground water 
114 ; on the exploration of the Settle 
Caves, 100. 

Crustacea, C. S. Bate on the present 
state of our knowledge of the, 41. 

Davidson (T.) on the Sub-Wealden ex- 
ploration, 840. 

Dawkins (Prof. W. Boyd) on the explo- 
ration of Kent’s Cavern, 1 ; on the 
erratic blocks of England and Wales, 
82 ; on the exploration of tlie Settle 
Caves, 166; on the Sub-Wealden ex- 
ploration, 840. 

D^Rance (C. E.) on the circulation of 
underground waters, 1 14. 

Dewar ( J.) on the estimation of potash 
and phosphoric acid, 24. 

Dew-Smith (A. G.) on the zoological 
station at Naples, 18. 

Dredging off the coasts of Durham and 
North Yorkshire in 1874, report on, 

185. 

Dresser (H. E.) on the possibility of 
establishing a close time” for the 
protection of indigenous animals, 184. 

Earthqunlces in Scotland, sixth report on, 
64. 

Erratic blocks of England and Wales, 
third report on the, 82. 


Evans (J.) on the exploration of Kent’s 
Cavern, 1. 

Everett (Prof.) on underground tem- 
perature, 14, 160. 

Fellows (F. P.) on combinations of ca- 
pital and labour, 146. 

Field (R.) on the rainfall of the Britisli 
Isles, 91. 

Fletcher (A. E.) on the estimation of 
potash and phosphoric acid, 24. 

Flight (W.) on ooservations of lumi- 
nous meteors during the year 1874- 
75, 199. 

Forbes (Prof. G.) on earthquakes in 
Scotland, 04 ; on observations of lumi- 
nous meteors during the year 1874- 
75, 199. 

Foster (C. Le Neve) on underground 
temperature, 156. 

(l)r. M.) on the zoological station 

at Naples, 18. 

Frankland (Prof.) on the monthly re- 
ports of the progress of chemistrj", 

Gadeaden (A. W’'.) on the method of 
making gold-assays, and of stating the 
results thereof, 156. 

Geikie (Prof ) on underground tempera- 
ture, 14, 150. 

Gilbert (Dr.) on the treatment and 
utilization of sewage, 06. 

Glaisher (J.) on underground tempera- 
ture, 14, 160; on the rainfall of the 
British Isles, 91 ; on observations of 
luminous meteors during the year 
1874-75, 199. 

(J. W. L.) on mathematical tables, 

.805 ; on mathematical notation and 
printing, 837. 

Godwin-Austen (R. A. C.) on the Sub- 
Wealden exploration, 840. 

Gold-assays, second report on the method 
of making, and of stating the results 
thereof, 156. 

Graham (Rev. Dr.) on underground 
temperature, 14 , 150. 

Granlliam (R. B.) on the treatment and 
utilization of sewage, 05. 

Green (Prof.) on the circulation of 
underground waters, 114. 

Greg (R. P. ) on observations of luminous 
meteors during the year 1874-75, 
199. 

Hamilton (A.) on combinations of capi- 
tal and labour, 146. 

Harkness (Prof.) on the erratic blocks 
of England and Wales, 82 ; on the 



INDEX T. 


263 


circulation of underfund waters, 
114. 

Ilarland (T.) on the possibility of esta- 
blishing a close time ” for the pro- j 
tection of indigenous animals, 1 84. | 

Harting (J. E.) on the possibility of j 
establishing a close time ” for the j 
protection of indigenous animals, 184. | 

Ilawksley (T.) on the rainfall of the | 
British Isles, 91. | 

Ilerschel (Prof. A. S ) on experiments j 
to determine the thermal conductivi- 
ties of certain rocks, 54 ; on observa- 
tions of luminous meteors during the 
year 1874-75, 199. 

Hope (W.) on the treatment and utili- 
zation of sewage, 05. 

Houghton (Lord) on combinations of 
capital and labour, 1 40. 

Howard (T.) on the River Avon (Bris- 
tol): its drainage-area, tidal pheno- 
mena, and dock works, 175. 

Howell (Mr.) on the circulation of 
underground waters, 114. 

Hi^hes (Prof.) on the erratic blocks of 
England and Wales, 82 ; on the explo- 
ration of the Settle Caves, IGO. 

Hull (Prof.) on underground tempera- 
ture, 14, 15G; on the circulation of 
underground waters, 114. 

Huxley (Prof.) on the zoological sta- 
tion at Naples, 18. 

Intestinal secretion, second report on, 3G9. 

Isomeric cresols and their derivatives, 
report on, 112. 

Jeffreys (J. Gwyn) on the zoological 
station at Naples, 18. 

Kent’s Cavern, Devonshire, eleventh re- 
port of the committee for exploring, 1. 


Lyell (Sir 0., Bart.) on undergi’ound 
temperature, 14. 

Mackie (S. J.) on underground tempe- 
rature, 14, 168. 

Mathematical notation and printing, re- 
port on, 337. 

tables, report on, 305. 

]\Iaw (G.) on underground temperature, 
14, 156; on the erratic blocks of Eng- 
land and Wales, 82. 

Maxwell (Prof. J. C.) on underground 
temperature, 14, 156. 

Mersey, the river, J. N. Shoolbred on 
tides in, 161. 

Miall (L. C.) on the erratic blocks of 
England and Wales, 82 ; on the ex- 
ploration of the Settle Caves, 166. 

Mills (Dr.) on the method of making 
gold-assays, and of stating the results 
thereof, 155. 

Milne-Holme (D.) on earthquakes in 
Scotland, 04. 

Molyneux (W.) on the circulation of 
underground waters, 114. 

Moore (C.) on the circulation of under- 
ground waters, 114. 

Morton (G. H.) on the erratic blocks of 
England and Wales, 82 ; on the cir- 
culation of underground waters, 114. 

Mundolla (A. J.) on combinations of 
capital and labour, 140 

Mylne (R. W.) on the circulation of 
underground waters, 114. 

Naples, report on the zoological station 
at, 18. 

Newmarch (W.) on combinations of 
capital and labour, 146. 

Newton (Prof.) on the possibility of 
establishing a close time ” for the 
protection of indigenous animals, 184. 


Labour, second report on combinations 
of capital and, 146. 

Lankester (E. Ray) on the zoological 
station at Naples, 18. 

Lebour (G. A.) on experiments to deter- 
mine the thermal conductivities of 
certain rocks, 54. 

Lee (J. E.) on the exploration of Kent's 
Cavern, 1; on the erratic blocks of 
England and Wales, 82. 

Levi (Prof. L.) on combinations of 
capital and labour, 146. 

Lubbock (Sir J.,Bart.^ on the exploration 
of Kent’s Cavern, 1 ; on the explora- 
tion of the Settle (Lves, 166. 

Luminous meteors, ri port on observa- 
tions of, during the year 1874-75, 190. 


O’Hagan (Lord) on combinations of capi- 
tal and labour, 146, 

Palestine explorations, report of the 
committee appointed for the purpose 
of furthering the, 81 . 

Palgrave (R. J. I.) on combinations of 
capital and labour, 1 46. 

Pengelly (W.) on the exploration of 
Kent’s Cavern, 1 ; on underground 
temperature, 14, 156; on the circula- 
tion of underground waters, 114. 

Phosphoric acid in commercial producis, 
report on the methods employed in 
the estimation of potash and, and on 
the mode of stating the results, 24. 

Plant (J.) on the circulation of under- 
ground waters, 114. 
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Potash and phosphoric acid in commer- 
cial products, report on the methods 
employed in the estimation of, and 
on the mode of stating the results, 
24. 

Prestwich (Prof.) on underground tem- 
perature, 14, 156; on the erratic blocks 
of England and Wales, 82 , on the 
circulation of underground waters, 
114; on the exploration of the Settle 
Caves, 166 ; on the Sub-Wealden ex- 
ploration, 846. 

Py e-Smith (l)r.) on intestinal secretion, 
339. 

Kainfall committee, report of the, for 
the year 1874-75, 91. 

Ramsay (Prof.) on underground tem- 
peratiue, 14, 156. 

Ravenstein (Mr.) on the Palestine ex- 
plorations, 81. ! 

Reade (J. M.) on the circulation of un- 
derground waters, 114. 

Reynolds (Prof. 0.) on the steering of 
screw-steamers, 141. 

Roberts (W. C.) on the method of 
making gold-assays, and of stating the 
r(‘sults thereof, 155. 

Robertson (D.) on dredging ofi’ the coast i 
of Durham and North Yorkshire in i 
1874, 185. 

Rogers (Prof. T.) on combinations of 
capital and labour, 1 46. 

Roscoe (Prof.) on the specific volumes 
of liquids, 62 ; on the monthly reports 
of the progress of chemistry, 184. 

Rosse (the Earl of) on the rainfall of 
the British Isles, 91. 

Sanford (W. A.) on the exploration of 
Kent’s Cavern, 1. 

Sclater (P. L.) on the zoological station 
at Naples, 18.* 

Scotland, sixth report on earthquakes in, 
64. 

Screw-steamers, Prof. 0. Reynolds on 
the steering of, 141. 

Sellon (J. S.) on the method of making 
gold-assays, and of stating the results 
thereof, 155. 

Settle Caves (Victoria Cave), third re- 
port on the exploration of the, 166. i 

Sewage, seventh report on the treatment | 
and utilization of, 65. i 

Shoolbred (J. N.) on tides in the river | 
Mersey, 161. j 

Smith (Prof. H. J. S.) on mathematical ; 

tables, 305. I 

Smvth (J.,iun.) on the rainfall of the 
British Isles, 01. • i 


Specific volumes of liquids, preliminary 
report of the committee appointed 
for the purpose of extending the ob- 
servations on the, 62. 

Spottiswoode (W.) on mathematical 
notation and printing, 337. 

Stanford (E. C. C.) on the estimation 
of potash and phosphoric acid, 24. 

Steering of screw-steamers. Prof. 0. 
Rejmolds on the, 141. 

Stewart (Prof. Balfour) on the specific 
volumes of liquids, 62. 
j Stokes (Prof.) on mathematical tables, 

! 305 ; on mathematical notation and 

printing, 337. 

Sub-Wealden exploration, third report 
on, 346 ; geological report thereon, by 
W. Topley, 347. 

Symonds (Rev. W. S.) on the circula- 
tion of underground waters, 114. 

Symons (G. J.) on underground tempe- 
rature, 14, 156; on the rainfall of the 
British Isles, 91. 

Temperature, underground, on the rate 
of increase of, downwards in various 
localities of dry laud and under water : 
seventh report, 14; eighth report, 156. 

Thermal conductivities of certain rocks, 
second report on experiments to deter- 
mine the, showing especially the geo- 
logical aspects of ttie investigation, 54. 

I Thomson (J.) on earthquakes in Scot- 
I land, 64 : on the structure of the car- 
I boniferous corals, 165. 

j (Sir W.) on underground tem- 

j perature, 14, 156; on earthquakes in 
I Scotland, 64 ; on mathematical tables, 
305. 

j Thorpe (Prof. T. E.) on the specific 
volumes of liquids, 62 ; on isomeric 
cresols and their derivatives, 112. 

Tiddeman (R. H.) on the exploration of 
the Settle Caves, 166. 

1 Tides in the river Mersey, J. N. Shool- 
I bred on, 161. 

' Tomlinson (C.) on the rainfall of the 
British Isles, 91. 

Topley (W.) on the Sub-Wealden ex- 
ploration, 346; geological report on 
the Sub-Wealden exploration, 347. 

Treatment and utilization of sewage, 
seventh report on the, 65. 

Trees, the analytical forms called, Prof. 
Cayley on, with application to the 
theory of chemical combinations, 257. 

Tristram (Rev. Canon) on the possibility 
of establishing a close time” for 
the protection of indigenous animals, 
184. 
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Underground temperature, on the rate 
of increase of, aownwards in various 
localities of diy land and imder water ; 
seventh report. 14; eighth r^ort, 156. 

waters m tne New Red Sandstone 

and Permian formations, the circular 
tion of the, and the qiiantitv and cha- 
racter of the water supplied to various 
towns and districts from these forma- 
tions, report on, 114. 

Utilization of sewage, seventh report on 
the treatment ana, 66. 

Vivian (E.) on the exploration of Kent’s 
Cavern, 1. 

Whitaker (Mr.) on the circulation of 
undergi’ound waters, 114. 

Willett (H.) on the Sub-Wealden ex- 
ploration, 346. 


Williamson (Prof. A. W.) on the treat- 
ment and utilization of sewage, 65 ; 
on the monthly reports of the progress 
of chemist^, 184. 

(Prof. W. 0.) on the structure of 

the carboniferous corals, 166, 

Wilson (Major) on the Palestine explo- 
rations, 81. 

Wiltshire (Rev. T.) on the structure of 
the carboniferous corals, 165. 

Woodward (C. J.) on the erratic blocks 
of England and Wales, 82. 

(H.) on the Sub-Wealden explora- 

ration, 346. 

Wright (T.) on the circulation of under- 
ground waters, 114. 

Zoological station at Naples, report on 
the, 18. 
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Abney (Capt.) on the ratio of the 
actmic power to the illuminating 
^wer or the magneto-electric light, 

•Acquisition, D. A. Spalding on instinct 
and, 168. 

*Adamonia digitata, J. J. Monteiro on 
the application of the fibre of, 168. 

•Adipocere, D. J. Goodman on proto- 
plasm and, 167. 

Adolescence, Dr. J. Beddoe on the mor- 
tality of, 205. 

Africa, South, Dr. J. C. Brown on the 
physical geography of, 189. 


African expedition, the North-west, 
Gen. Sir A. Cotton on, 190. 

Agricultural statistics and waste lands, 
W . Botly om 206. 

•Alexander (Maj.-Gen. Sir J. E.) on the 
probable cost and propriety of remov- 
ing to England the lallen obelisk of 
Alexandria, 204. 

•Alexandria, the fallen obelisk of, Maj.- 
Gen. Sir J. E. Alexander on the pro- 
bable cost and propriety of removing 
to England, 20A 

Alkaloids of the aconites, G. H. Beckett 
and Dr. 0. R. A. Wright on the, 87. 

20 
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^Allen (A. H.) on a metiiod of effecting 
the solution of difficultly soluble sub- 
stances; 37. 

Aloes, researches on the crystalline con- 
stituents o^by W. A. Tilden, 46. 

Aluminium, Br. J. H. Gladstone and A. 
Tribe on the augmentation of the 
chemical activity of, by contact with 
a more negative metal, 48. 

Analytical forms called factions. Prof. 
Cayley on the, 10. 

Anatomy and Physiology, Address by 
Prof. Oleland to the Department of, 
134. 

— of the skin, some new researches 
on the, Br. Martyn on, 169. 

•Animal remains "found in Cissbury 
Camp, Prof, liolleston on, 178. 

Anthropology, Address by Prof. RoUes- 
ton to the Department of, 142. 

— , sociology, and nationality, D. 
Mackintosh on, 170. 

Apparatus and modes of examination 
for the source of polluted air, W. 
Thomson on, 4o. 

•Arctic expedition, report on the pro- 
gress of the, and on the proceedings 
of H.M.S. ^Valorous,’ by C. R. Mart 
ham, 193. 

Aimstrong (Dr. H. E.) on the nature of 
Berthelot's vinylic alcohol, 37. 

Ashraead (F.) on the drainage of the 
city and county of Bristol, 240. 

Atlantic, that part of the, which lies 
between 20° N. and 10° S., and ex- 
tends from 10° to 40° W., Capt. H. 
Toynbee on the physical geography 
of, 196. 

Aures mountains, exploration of the, by 
Lieut.-Col. R. L. Playfair, 195. 

Auriferous limestone at* Walton, W. W. 
Stoddart on, 81. 

Azygograptus^ a new genus of gr^to- 
htes from the Skiddaw slates, riof. 
H. A. Nicholson on, 78. 

Baily (W, H.), description of a new 
lanyxinthodont ampnibia from the 
coal at Jarrow Collie^, near Castle- 
comer, CO. Kilkenny, 62. 

•Balfour (I. B.) on Tumeracea from 
Rodriguez, lo6; on the geological 
structure and flora of the Mascarene 
Islands, 157. 

(Prof.) on rare plants from Scot- 
land, 156. 

Ball (Rrof. R. S.) on a screw-complex 
of we second ord^ 10. 

•Barrett (Prof. W. F.) on the effects of 
heat on the molecular structure of 


steel wires and rods, 27 ; on the efiect 
of heat in altering the molecular 
structure of steel, 250. 

Beckett (G. H.) and Dr.C. R. A. Wright 
on the alkaloids of the aconites, 37 ; 
on Japanese camphor from pepper- 
mint, 88. 

Beddoe (Dr.) on the ossuary at Roth- 
well, in Northamptonshire, 170; on 
the need of systematic observations 
on the physical characters of man in 
Britain, 204 ; on the mortality of ado- 
lescence, 205 ; on the death-rates of 
some health-resorts, and specially of 
Clifton, 206. 

Belomancy, Miss A. W. Buckland on 
rhabdomancy and, 170. 

•Bergeron (0.) on the prevention of sand 
bars at the mouth of harbours, 243. 

Berthelot’s vinylic alcohol. Dr. PI. E. 
Armstrong on the nature of, 87. 

Biological Section, Address by P. L. 
Sclater to the, 85. 

Birds of Europe, legislative protection 
to the, C. 0. Groom-Napier on, 217. 

•Block signalling on railways, R. R. 
Harper on, 217. 

Bones, certain large, in Rhaetic beds at 
Aust Cliff, near Bristol, W’. Sanders 
on, 80. 

•Bonhomme (Mons.) on sericiciilture, 
206. 

Botly (W.) on agricultural statistics 
and waste lands, 206 ; •on workmen’s 
dwellings, 206. 

Bowman’s (Mr. H. T.) new method of 
taking photographs of microscopical 
objects, H. B. Brady on, 163. 

Brabrook (E. W.) on the working oi the 
Building Societies’ Act, 1874, 206. 

Brady (Ii. B.) on a new method of 
taking photographs of microscopical 
objects, devised by Mr. H. T. Bow- 
man, 1^. 

•Braham (P.), experiments on magne- 
tized rings, plates, and disks of hard- 
ened steel, 28 ; •some further experi- 
ments on crystallization of meta& by 
electricity, 88. 

•Breecb-loading mountain gun, W. 
Smith on a, 252. 

Bristol, 1875, some account of the manu- 
facture and refining of sugar in, by H. 
T. Chamberlain, 39. 

, , H. Chamberlain on the rise 

and moness of the sugar trade in, 209. 

• , T. Davey on the tobacco trade of, 

40. 

, S. Evans on the manufacture of 

sole-leather in, 41. 
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•Bristol, S. Evans on tlie tanning of sole- 
leather in, 209. 

, L. Bruton on the trade and com- 
merce of the city and port of, 207. 

j F. Ashmead on the drainage of 

the city and county of, 240. 

• coalfield, the northern end of the, 

H. Cossham, E. Wethered, and W. 
Saise on, 64. 

• joint station, F. Fox on the, 248. 

port and Channel dock at Avon- 

mouth, near Bristol, J. Brunlees on 
the, 244. 

•Brixham Cavern, W. Pengeliy on a 
recent notice of, 177. 

Brodie (Rev. J. ) on the action of ice in 
what is usually termed the glacial 
period, 63. 

(Rev. P. B.) on the further exten- 
sion of the Rheetic or Penarth beds 
in Warwickshire, Liecestershire, Not- 
tinghamshire, Yorkshire, and Cum- 
benand; and on the occurrence of 
some supposed remains of a new La- 
byrinthodon and a new Radiate there- 
in, 64. . 

Brown (Br. J. C. 1 on the physical geo- 
graphy of Soutn Africa, and products 
and prospects of the Cape of Good 
Hope, 189 ; on the late inundations in 
France, 189; on South-African tor- 
rential Hoods, 190. 

Browne (W. R.) on Roberts’s patent 
communicator for railway trains, 243. 

Brunlees (J.) on the Bristol port and 
Channel dock at Avonmouth, near 
Bristol, 244. 

Bruton (L.) on the trade and commerce 
of the city and port of Bristol, 207. 

Buckland (Miss A. W.) on rhabdomancy 
and beloraancy, 170. 

Building Societies’ Act, 1874, E. W. 
Brabrook on the working of the, 206. 

societies and the Act of 1874, 

T.F. Peacock on, 218. 

Burt (Rev. J. T.) on the principles of 
penal legislation, 207. 

Bunits, the Kirghiz or, R. Michell on 
the supposed lost language and anti- 
quity of, 176. 

•Calculus of motors, Prof. J. D. Everett 
on the, 11. 

Cambrian and Silurian rocks, H. Hicks 
on some areas where the, occur as 
conformable series, 69. 

Cannington-Park limestone, E. B. Taw- 
ney on the age of the, and its relation 
to coal-measures south of the Men- 
dips, 82. 


Cape of Good Hope, Dr. J. C. Brown on 
the products and prospects of the, 180. 

•Capital and money, W. Westgarth on 
the science of, 220. 

•Carbon bisulphide in coal-fltis, A. V. 
Harcourt on an apparatus tor estima- 
ting, 43. 

•Carbonic acid in air, A. S. Davis on a 
simple method of determining the 
proportion of, 40. 

Carboniferous eucrinites from Clifton 
and from Lancashire, J. Q. Grenfell 
on, 65. 

Carpenter (Dr. P. P.^ on the primary 
divisions of the Chiionidae^ 161. 

• (Dr. W. B.) on the oririn of the 

red clay found by the ^ Challenger ’ at 
great depths in the ocean, 64; •on 
the condition of the sea-bottom of the 
North Pacific, as shown by the sound- 
ings recently taken by the TJ.S. steam- 
ship ‘ Tuscarora,’ 64 ; *on the nervous 
and generative systems of the Crtmi~ 
dea^ 161 ; *on the bearings of recent 
observations on the doctrine of oceanic 
circulation, 190. 

• (Miss) on industrial schools, 209. 

•Carrington (Col. H. B.) on the Indians 

of the North-western United States, 
1 71 ; •on Dacotah, North-west Ameri- 
ca, 190 ; •on chrome steel, 245. 

Castracane, Count Abbot, Prof. E. Hull 
on the discovery of Diatomacese in 
coal from Lancashire and other places, 
by, 74. 

Cayley (Prof.) on the analytical forms 
called factions, 10. 

Cefn Cave, D. Mackintosh on the origin 
of two polished and sharpened stones 
from, 75. 

Chamberlain (H.) on the rise and pro- 
gress of the sugar trade in Bristol, 
1875, 200. 

(II. T.), some account of the 

manufacture and refining of sugar in 
Bristol, 1876, 39. 

Channel tunnel, W. Topley on the, 
253. 

Chemical Section, Address by A. G. V. 
Harcourt to the, 32. 

theory of gunpowder, Dr. Debus on 

the, 40. 

Chessboard, contributions to the mathe- 
matics of the, by H. M. Taylor, 21. 

•China, Western, Col. Yule on trade- 
routes to, 197. 

•Ohinodine and pyridine bases, further 
researches, by Frof. Dewar and Dr. 
M^Kendrick, on the physiological 
action of the, 166, 


20 * 
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Lake Albert Nyanza, 190. 

ChitonidcBy Dr. P. P. Carpenter on the 
primary divisions of the, 161. 

•Chrome steel, Col. Carrington on, 245. 

•Cimbri, Kev. Canon Bawlmson on the 
ethno^aphy of the, 178. 

•Cissburv Camp, Prof. Rolleston on the 
animal remains found in, 178. 

* ^ Sussex, Col. A. H. Lane Fox 

on recent investigations in, 178. 

Clarke (Hyde^ on prehistoric culture in 
India and Africa, 171 ; further note 
on prehistoric names of weapons, 172 ; 
on the Himalayan origin oi the Ma- 
gyar and Fin languages, 172. 

Classification of the sedimentary rocks, 
Proft T, M‘^K. Hughes on the, 70. 

•Cle^ram (W. B.) on Sharpness Docks, 

Cleland (Prof.), Address by, to the De- 
partment of Anatomy and Physiology, 

•Clifford (Prof) on the theory of linear 
transformations, 11. 

Climate, Prof H. Hennessy on the in- 
fluence of the physical properties of 
water on, 29. 

, on the possible influence on, 

of the substitution of water for land 
in Central and Northern Africa, 30. 

•— < — , changes of, during the glacial 
period, Rev. W. S, Symonds on, 82. 

Clockwork of revolving lighthouses, J. 
Hopkinson on improvements in the, 
248. 

Clowes (F.) on the action of ethyl-bro- 
mobutyrate upon ethylrsodaceto-ace- 
tate, 89, 

Coal question. Prof W. S. Jevons on the 
progress of the, 216. 

•Cfogn (J. D.) on toughened glass, 

•Communication between passengers 
and guards, Messrs. Stroudley and 
Busbridge on, 252. 

Communicator for railway trains, Ro- 
berts’s patent, W. R. Browne on, 243. 

•Competitive examinations, D. Mackin- 
tosh on the prevailing mode of pre- 
paring for, 217. 

Conservation of force,” P, Hallett on 
the bearings of the, on life, 169. 

•Continued fractions, Prof H. J. S. 
Smith on, 21. 

Cooper (W. J.) on some physiological 
enects of various driiming-waters, 
163. 

Copper-zinc couple. Dr. J. H. Gladstone 


and A. Tribe on the action of the, 
43. 

Corals, a new genus of rugous, from the 
mountain-limestone of Scotland, J. 
Thomson on, 88. 

•Com, Prof W. S. Jevons on the in- 
fluence of the sun-spot period upon 
the price of, 217. 

•Cossham (H.), E. Wethered, and W. 
Saise on the northern end of the 
Bristol coal-field, 64. 

Cotton (Gen. Sir A.) on the North-west 
African expedition, 190. 

Craig and Cnchton (Messrs.) on a sys- 
tem of audible signals for railways, 
245. 

•Crawshay (Mrs. R. M.) on domestic 
service for gentlewomen, 209. 

Crichton and Craig (Messrs.) on a sys- 
tem of audible signals for railways, 
245. 

• Cnnoidea^ Dr. W. B. Carpenter on the 
nervous and generative systems of the, 
161. 

Croll (J.) on the ^Challenger’s’ crucial 
test of the wind and gravitation theo- 
ries of oceanic circulation. 191. 

Crystalline constituents of aloes, re- 
searches on the, by W. A. Tilden, 46. 

•Crystallization of metals by electricity, 
some further experiments on, by P. 
Braham, 39. 

Cubic spherical curves with triple cyclic 
arcs and triple foci, H. M. Jeffery on, 
16. 

Cycle of development, H. M. Westropp 
on the, 179. 

♦Dacotah, North-west America, Col. H. 
B. Carrington on, 190. 

•Dardlstan, &c., Dr. Leitner on an eth- 
nological and linguistic lour of dis- 
covery in, 176. 

•Davey (T.) on the tobacco trade of 
Bristol, 40. 

•Davis (A. S.) on a simple method of 
determining the proportion of carbonic 
acid in air, 40. 

Death-rates of some health-resoi^. Dr. 
J. Beddoe on the, and specially of 
Clifton, 205. 

Debus (Dr.) on the chemical theory of 
gunpowder, 40. 

Decomposition of an electrolyte W mag- 
neto-electric induction, J. A. Fleming 
on the, 28. 

Denny (W.) on the trials of screw 
steam-ships, 246. 

Development, H. M, Westropp on the 
cycle of, 179.^ 
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•Dewar (Prof.) and Dr. M^Kendrick, 
further researches on the physiological 
action of the chinodine and pyridine 
bases, 166. 

Diamonds, the South-African, Prof J. 
Tennant on, 82. 

Diatomaceae in coal from Lancashire and 
other places, thediscove^ of, by Count 
Abbot Castracane, Prof E. Hull on, 74. 

Dickson (Prof A.) on an abnormality of 
Primula vulgaris with interpetaline 
lobes, 167 ; on a monstrosity in Saxi~ 
fraga stellaris, 167 ; *on abnormal 
flowers of TropcBolunij 167. 

•Domestic service for gentlewomen, Mrs. 
R. M. Crawahay on, 209. 

Drainage of the city and county of 
Bristol, F. Ashmeai on the, 240. 

Drifting power of tidal currents and 
that of wind-waves, G. II. Kinalian 
on, 74. 

Durdham Down deposit, yielding The- 
codontosaurm^ &c., 0. Moore on the 
age of the, 77, 

•Ear, the physiognomy of the, Dr. Sims 
on, 178. 

Earle (Rev. J.) on the ethnography of 
Scotland, 172. 

E llipse, the total solar, of ^^ril 6, 1876, 
observed at Bangchall6 (Siam ), Dr. J. 
Janssen on, 24. 

Economic Science and Statistics, Ad- 
dress by J. Heywood to the Section 
of, 197. 

Education, national, Mrs. W. Grey on 
the standard of, 213. 

*Ed wards (R.) on recent discoveries of 
flint implements in drift-gravels in 
Middlesex, Essex, and Berks, 173. 

•Electricity, some further experiments 
on the crystallization of metals by, by 
P. Braham, 39. 

Elementary solution of Iluyghens’s pro- 
blem on the impact of elastic balls, 
by Prof P. Mansion, 18. 

Elliot (Sir W.) on the original locali- 
ties of the races forming the present 
population of India, 173. 

English history, early, a new paragraph 
in, by Dr. T. Nicholas, 177. 

Essential oils, 0. T. Kingi^ett on the 
oxidation of the, 43. 

•Ethnographical inquiries, Prof Rolles- 
ton on the applicability of historical 
evidence to, 178. 

Ethnography of Scotland, Rev. J. Earle 
on ^e, 172. 

• of the Cimbri, Rev. Canon Raw- 

linson on the, 178. 


Ethyl-bromobutyrate, F. Clowes on 
the action of, upon ethyl-sodaceto- 
acetate, 39, 

Evans (J.) on a new code of interna- 
tional symbols for use on prehistoric 
maps, 173. 

(S) on the manufacture of sole- 

leather in Bristol, 41 ; *on the tanning 
of sole-leather in Bristol, 209. 

•Everett (Prof J. D.) on the calculus 
of motors, 11. 

•Experiments on magnetized rings, 
plates, and disks of hardened steel, 
by P. Braham, 28. 

Factions, Prof Cayley on the analyti- 
cal forms called, 10. 

Fairley (T.) on the separation of lead, 
silver, and mercury, with a proposed 
process for the estimation of lead, 
42; on a new method of preparing 
periodates, with application as a test 
for iodine and sodium, 42 ; *00 new 
solvents for gold, silver, platinum, 
&c., with an explanation 01 the so- 
called catalytic action of these metals 
and their salts on hydrogen dionide, 
42 ; •on the use of potassium dichro- 
mate in Grove’s and Bunsen’s bat- 
teries to ensure constancy, 42. 

Fin languages, H. Clarke on the Hima- 
layan origin of the Magyar and, 172. , 

Fleming (.1. A.) on the decomposition 
of an electrolyte by magneto-electric 
induction, 28. 

•Flint in the chalk of Yorkshire, J. R. 
Mortimer on the distribution of, 78. 

* implements, R. Edwards on recent 

discoveries of, in drift-gravels in 
Middlesex, Essex, and Berks, 173. 

Flora of the Mascarene Islands, I. B. 
Balfour on the geologica structure 
and, 167. 

Formulae of verification in partitions, 
J. W. L. Glaisher on the, II. 

Fossil seeds, some, from the lower car- 
boniferous beds of Lancashire, Prof 
W. C. Williamson on, 169. 

Foster (C. Le Neve) on the d^osit of 
tin-ore at Park of Mines, St, Columb, 
Cornwall, 64. 

•Fox (Col. A. H. Lane) on recent in- 
vestigations in Cissbury Camp, Sus- 
sex, 173. 

• (F.) on ^be Bristol joint station, 

248. 

(F. W.) on Indian railways and 

Indian finance, 209. 

•Fractions, continued, Prof H. J. S, 
Smith on, 21. 
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Fjrance; the late inundations in^ Or. J. 0. 
Brown on, 189. 

•Free trade in labour, D. A. Spalding 
on, 220. 

Froude (W.), Address by, to the Me- 
chanical Section, 221. 

Fry (E.) on moraines as the retaining 
walls of lakes, 64. 

Fungus, a rare species of, found in Sur- 
rey, u. II. S. rerceval on, 158. 

•Gaseous compound of fluorine and 
phosphorus, a new, Prof. T. E. Thorpe 
on, 45. 

•Gatehouse (J. W.) on nitrite of silver, 
48. 

•General integration of Laplace’s differ- 
ential equation of the tides, by Sir W. 
Thomson, 28. 

Geographical Section, Address by Lieut.- 
Gen. K. Strachey to the, 180. 

Geological meaning of the term river- 
basin,” and the desirability of sub- 
stituting drainage-area,” D. Mack- 
intosh on the, 75. 

— - Section, Address by Dr. T. Wright 
to the, 47. 

structure and flora of the Masca- 

rene Islands, I, B. Balfour on the, 
167. 

•Geology of New Zealand, Dr. J. Hec- 
tor on the, 69. 

Geometrical theorems, W. Hayden on 
some, 14. 

Gill (Rev. W. W.) on the origin of the 
South-Sea Islanders, 178 ; some tra- 
ditions of the Hervey Islanders, 

174. 

Glacial period. Dr. 0. Ricketts on the 
cause of the, wifh reference to the 
British Isles, 79. 

• , Rev. W. S. Symonds on changes 

of climate during the, 82, 

Gladstone (Dr. J. H.) on the relation of 
the arrangement of the acids and 
bases in a mixture of salts to the ori- 
ginal manner of combination, 48 ; 
on the recent discovery of a stone im- 
plement in the brick-earth of Erith, 

175. 

and A. Tribe on the action of 

the copper-zinc couple, 48 ; on the 
augmentation of the chemical acti- 
vity of aluminium by contact with 
a more negative metal, 43, 

Glaisher (J. W. L.) on the formulae 
of verification in partitions, 1 1 j on 
theorems on the /ith roots of unity, 13. 

•Glass, toughened, J. D. Cogan on, 245. 

Gold and tin of the ancients, C, 0. 


Groom -Napier on the localities from 
whence the, were derived, 177. 

•Goodman (D. J.) on protoplasm and 
adipocere, 167. 

•Gordon (Ool. T. E.) on the explora- 
tion of the Pamir Steppe, 193. 

Graptolites in the Lower Ludlow rocks 
near Ludlow, J. Hopkinson on the dis- 
tribution of the, 69. 

Green (A. H.) on the variations in cha- 
racter and thickness of the millstone- 
grit of North Derbyshire and the 
adjoining mria of Yorkshire, and on 
the probable manner in which these 
changes have been produced, 65. 

Greenwood (F.) on the preservation of 
the bodies of the larger animals for 
dissection, 167. 

* and L. 0. Miall on vascular plex- 

uses in the elephant and other ani- 
mals, 170. 

Grenfell (J. G.) on carboniferous eii- 
crinites from Clifton and from Lan- 
cashire, 65. 

Grey (Mrs. W.) on the standard of 
national education, 213. 

*Groom-Napier (C.O.) on vegetarianism, 
169 J on the localities from whence 
the gold and tin of the ancients were 
derived, 177 ; on legislative protection 
to the birds of Europe, 217. 

Gunn (J.) on the influx and stranding 
of icebergs during the so-called glacial 
epoch, and a suggestion of the possi- 
ble cause of the oscillation of the 
level of land and water to which that 
influx may be due, 66. 

Gunpowder, Dr. Debus on the chemical 
theory of, 40. 

Kallett (P.) on the bearings of ^^the 
conservation of force” on life, 1G9; 
on income fallacies and some of their 
consequences, 215. 

•Halhdie’s (A. S.^ wire rope traction- 
railway, W. Smith on, 252. 

•Handyside (H.) on a steel gradient 
formation, 248. 

Harcourt (A. G. V.), Address by, to the 
Chemical Section, 82 j *on an appa- 
ratus for estimating carbon bisulphide 
in coal-g^, 48. 

•Haimer (R. R.) on block signalling on 
railways, 248. 

Harrison (W. J.) on the occurrence of 
Rhsetic beds near Leicester, (56. 

Hartshorne (B. F.) on the Weddas of 
(i/cylon, 175. 

Hayden (W.^ on some geometrical 
theorems, 14. 
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*Heat, the effects of,^ on the molecular 
structure of steel wires and rods, Prof. 
W. F. Barrett on, 27. 

^ in altering the molecular 

structure of steel, Prof. W, F. Barrett 
on, 259. 

robert (Prof. E.) on the undulations 
of the in chalk the north of France, 
and their probable existence under the 
Straits of l)over, 67. 

•Hector (Dr. J.) on the geology of New 
Zealana, 69; ^on the occurrence of 
moarbones in New Zealand, 161. 

Hennessy (Prof. H.) on the influence of 
the pliysical properties of water on 
climate, 29 ; on the possible influence 
on climate of the substitution of water 
for land in Central and Northern 
Africa, 30. 

Hervey Islanders, some traditions of the, 
Rev. W. W. Gill on, 174. 

Heywood (J.), Address by, to the Sec- 
tion of Economic Science and Statis- 
tics, 197. 

Hicks (H.) on some areas where the 
Cambrian and Silurian rocks occur as 
conformable series, 69. 

Himalayan glaciers. Col. T. G. Mont- 
gomerie on, 193. 

origin of the Magyar and Fin lan- 
guages, Hyde Clarke on the, 172. 

•Jlistorical evidence, Prof. Rolleston on 
the applicabili^ of, to ethnographi- 
cal inquiries, 178. 

Hoggan (Drs. G. and F. E.) on the 
origin of the lymphatics, 165. 

Hopkinson (J.) on the distribution of 
the graptolites in the Lower Ludlow 
rocks near Ludlow, 69. 

on improvements in the clockwork 

of revolving lighthouses, 248. 

and Prof. Stokes on the optical pro- 
perties of a titano-silicic glass, 26. 

♦ and Sir W. Thomson on methods 

of giving distinctive characters tolight- 
houses, 253. 

Hudson (Dr. C. T.) on the classification 
and amnities of the Rotifera, 161. 

Hughes (Prof. T. M'K.) on the classifi- 
cation of the sedimentary rocks, 70. 

Hull (Prof. E.) on the discovery, by 
Count Abbot Castracane, of Iliato- 
maceae in coal from Lancashire and 
other places, 74 ; a scheme of water- 
supply for the ^ages and country 
parishes of the central and eastern 
counties of England, 249. 

Huyghens’s problem on the impact of 
elastic balt^ elementary soluUon of, 
by Prof. P. Mansion, 1& 


Ice, Rev. J. Brodie on the action of, in 
what is usually termed the gWal 
period, 63. 

Ice-action, existing, in Greenland and 
the Alps, compared with former ice- 
action in the N.W. of England and 
Wales, queries and remarks relative 
to, by D. Mackintosh, 76. 

Icebergs, J. Gunn on the influx and 
stranding of, during the so-called 
glacial epoch, and a suggestion of the 
possible cause of tho osculation of the 
level of land and water to which that 
influx may be due, 60. 

Income fallacies and some of their con- 
sequences, P. Hallett on, 215. 

India, Sir W. Elliot on the original 
localities of the races forming the 
present population of, 173. 

, Dr. F. J. Mouat on the value of 

European life in, 217. 

Indian railways and Indian finance, F. 
W. Fox on, 200. 

•Indians of the North-western United 
States, Col. Carrinffton on the, 171. 

*Indu8trial schools. Miss Carpenter on, 
209. 

Influence of the physical properties of 
water on climate, Prof. H. liennessy 
on the, 29. 

•Instinct and acquisition, D. A. Spalding 
on, 163 

•Integration of linear diflorential equa- 
tions with rational coefficients. Sir W. 
Thomson on the, 23. 

International symbols for use On pre- 
historic maps, J. Evans on a now code 
of, 173. 

Inundations in France, the late, Dr. J. 
C. Brown on, 189. 0 

Irish Sea, J. N. Shoolbred on tides in 
the, 250. 

•Jackson (L.) and A. Oppenheim on 
derivates of mercaptan, 43. 

Janssen (Dr. J.) on the total solar eclipse 
of Apnl 5, 1875, observed atBangcballd 
(Siam), 24 ; on mirage at sea, 26 ; on 
the photographic revolver, and on the 
observations of the transit of Venus 
made in Japan, 26 ; on the position of 
the magnetic equator in the Gulf of 
Siam and in the Gulf of Bengal, 28. 

Japanese camphor from p^permint, 
G. H. Beckett and Dr. 0, R A. 
Wright on, 38. 

Jeffery (H.M.) on the shadows of plane ' 
curves on spheres, 16 ; on culnc 
spherical curves with triple cyclic 
arcs and triple foci, 16, 
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Jevons (Prof, W. S.) on the progress of 
the coal question, 216; *on the in- 
fluence of the sunspot period upon 
the price of com, 21/ . 

Johnston (K.) on journeys in Paraguay 
in 1874-75, 193, 

•Kent’s Cavern, Torquay, W. Pengelly 
on archaeoloncal discoveries in, 177. 

Kinahan (G. H,) on the drifting power 
of tidal currents and that of wind- 
waves, 74. 

Kingzett (C. T.J on the oxidation of 
the essential oils, 43. 

Kirghiz, or Buruts, R. Michell on the 
supposed lost language and antiquity 
of tne, 176. 

•Labour, D. A. Spalding on free trade 
in, 220. 

Labyrinthodont amphibia, a new species 
of, from the coal at Jarrow Colliery, 
near Castlecomer, co. Kilkenny, 
description of, by W. H. Baily, 62. 

•Laplace’s differential equation of the 
tides, general integration of, by Sir 
W, Thomson, 23. 

* process for determining an arbi- 

trary constant in the integration of 
his differential equation for the semi- 
diurnal tide, Sir W. Thomson on, 23. 

* theory of tides, some effects of, 

Sir W. Thomson on, 23. 

Lapworth (C.) and Prof. H. A. Nichol- 
son on the central group of the Silu- 
rian series of the North of England, 
78. 

Lead, T. Fairley on a proposed process 
for the estimation of, 42. 

Leatheiffeole-, S. Evans on the manu- 
facture of, in Brictol, 41. 

* ^ ^ J on the tanniAg of, in 

Bristol. 209. ^ 

Lebour (^G. A.) on the limits of the 
Yoredale series in the North of Eng- 
land, 74. 

Lerislative protection to the birds of 
Europe, C. 0. Groom-Napier on, 217. 

•Leitner (Dr.) on an ethnological and 
linguistic tour of discovery in Dardis- 
tan, &c., 176. 

•Libraries, free public, Miss Stamp on 
statistics ofi 220. 

Life, P. Hallett on the bearings of '^the 
conservation of force ” on, 169. 

, European, Dr. F. J. Mouat on the 

value of, in India, 217. 

•Lighthouses, Sir W. Thomson and 
J. Hopkinson on methods of giving 
distinctive characters to, 253. 


Lighthouses, revolving, J. Hopkinson on 
i^rovements in the clockwork of, 

•Linear transformations, Prof. Clifford 
on the theory of, 11. 

•List of meteors observed at Oxford, by 
the Rev. R. Main, 24. 

Lonsdale (N. L.) on mechanical self- 
registering apparatus for barometer, 
thermometer, rain- and wind-gauges, 
260. 

Lower boulder-clay or till with shells, 
W. A. Traill on the occurrence of a, 
in the counties of Down and Mayo, 
Ireland, 83. 

Lymphatics, Drs. G. and F. E. Hoggan 
on the origin of the, 165. 

•M^Kendrick (Dr.) and Prof. Dewar, 
further researches on the physiologi- 
cal action of the chinodine and pyri- 
dine bases, 165. 

Mackintosh (D.) on the geological 
meaning of the term ^^river-basin,” 
and the desirability of substituting 
^^drainage-area,” 75; on the origin 
of two polished and sharpened stones 
from Oefn Cave, 76 ; queries and re- 
marks relative to existing ice-action 
in Greenland and the Alps, compared 
with former ice-action in the N.W. 
of England and Wales, 76 ; on an- 
thropology, sociology, and national- 
ity, 176 ; *on the prevailing mode of 
preparation for competitive examina- 
tions, 217. 

M^^Murtrie (J.) on certain isolated areas 
of mountain-limestone at Luckington 
and Vobster, 76. 

M‘^Nab (Prof. W. R.) on a variety of 
Polypodium vudgare^ 168 ; on a variety 
of RuhuSy 168. 

•Magnetic distribution, H. A. Rowland 
on, 29. 

equator in the Gulf of Siam and in 

the Gulf of Bengal, Dr. J. Janssen on 
the position of tne, 28. 

•Magnetism of soft iron, Sir W. Thom- 
son on effect of stress on the, 29. 

•Magnetized rings, plates, and disks of 
hardened steel, experiments on, by 
P. Braham, 28. 

•Magnetizing function of iron, nickel, 
and cobalt, II. A. Rowland on the^Jt). 

Magneto-electric induction, J. A. Fle- 
ming on the decomposition of an elec- 
trolyte by, 28. 

light, Capt. Abney on the ratio of 

the actinic power to the illuminating 
power of the, 26. 
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Magyar and Fin languages, Hyde Clarke 
on the Himalayan ongin of the, 172. 

*Main (Rev. R.), list of meteors ob- 
served at Oxford, 24. 

♦Malloch (A.) on a mode of producing 
a sharp meridian shadow, 2o. 

Man in Britain, Dr. J. Beddoe on the 
need of systematic observations on the 
physical characters of, 204. 

Mansion (Prof. P.), elementary solution 
of Huyghens’s problem on tne impact 
of elastic balls, 18 ; on the singular 
solutions of differential equations of 
the first order which represent lines 
at infinity, 19. 

Maori races in New Zealand, W. S. W. 
Vaux on the origin of the, 178. 

^Markham (C. R.), report on the pro- 
gress of the Arctic expedition, and on 
the proceedings of H.M.S. ‘ Valorous,’ 
193. 

Martyn (Dr.) on some new researches 
on the anatomy of the skin, 169. 

Mascarene Islands, I. B. Balfour on the 
geological structure and flora of the, 

*Masters (^H.) on a sewer- trap, 250. 

Mathematical and Physical Section, 
Address by Prof. B. Stewart to the, 
1 . 

Mathematics of the chessboard, contri- 
butions to the, by II. M. Taylor, 21. 

^lechanical Section, Address by W. 
Froude to the, 221. 

self-registering apparatus for baro- 
meter, thermometer, rain- and wind- 
gauges, N. L. Lonsdale on, 260. 

*Melliss (J. C.) on the treatment of 
sewage, 46. 

Mendips, the early inhabitants of the, 
J. S. Phen^ on the works, manners, 
and customs of, 177. 

^Mercaptan, L. Jackson and A. Oppen- 
heim on derivates of, 43. 

•Meridian shadow, a sharp, A. Malloch 
on a mode of producing, 26. 

•Meteors observed at Oxford, list of, by 
the Rev. R. Main, 24. 

•Method of effecting the solution of dif- 
ficultly soluble substances, A. H. Allen 
on a, 37. 

•Miall (L. C.) and F. Greenwood on 
vaacular plexuses in the elephant and 
other animals, 170. 

Michell (R.) on the supposed lost lan- 

B and antiquity of the Kirghiz, or 
B, 176. 

•Military bidon, W. Smith on a, 262. 
Millstone-grit of North Derbyshire and 
the adjoining parts of xorkshire. 


A, H. Green on the variations in 
character and thickness of the, and 
on the probable manner in which 
these changes have been produced, 65. 

Mirage at sea, Dr. J. Janssen on, 26. 

•Moa-bones in New Zealand, Dr. Hector 
on the occurrence of, 161. 

Moffat (Dr. J.) on the apparent con- 
nexion between sun-spots, atmospheric 
ozone, rain, and force of wind, 31. 

•Money, W. Westgarth on the science 
of capital and, 220. 

•Monteiro (J. J.) on the application of 
the fibre of Adansonia diguata^ 168. 

Montgomerie (Col. T. G.) on Hima- 
layan glaciers, 193. 

Moore (C.) on the age of the Durdham 
Down deposit, yielding Thecodonto- 
saums^ &c., 77. 

* — ^ (Dr. D.) on Spiranthes Romanzo- 
vianay 168. 

Moraines as the retaining walls of lakes, 
E. Fry on, 64. 

Morgan (E. D.) on Prejevalsl^’s travels 
in Mongolia and Northern Tibet, 194. 

Mortality of adolescence, Dr. J. Bed- 
doe on the, 206. 

, comparative, of abstainers and 

non-abstainers from alcoholic liquors, 
E. Vivian on the, 220. 

•Mortimer (J. R.) on the distribution of 
flint in the chalk of Yorkshire, 78. 

Motive power from the motion of a ship 
among waves, B. Tower on a machine 
for obtaining, 263. 

•Motors, Prof. J. D. Everett on the 
calculus of, 11. 

Mouat (Dr, F. J.) on the value of 
European life in India, 217. 

Mountain-limestone, certain isolated 
areas of, at Luckington and Yobster, 
J. M^Murtrie on, 76. 

Muntz and Ramspacher’s apparatus for 
the estimation of tannic acid, J. Watts 
on, 46. 

•Nachtigall (Dr. G.), expedition from 
the Lake Tchad to the Upper Nile, 
196. 

•Napier (Capt. the Hon. G.) on the 
Turcoman frontier of Persia, 196. 

Nationality, anthropology, sociology, 
and, D. Mackintosn on, 176. 

•Neill (Mrs. B.) on the acdimatization 
of the silkworm, 218. 

Newton (A.) on certain neglected sub- 
jects 01 ornithological investigation, 

•New Zealand, Dr. J. Hector on the geo- 
logy of, OD. 
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*New Zealand, Br. Hector on the occur- 
rence of moa-bones in, 161. 

, W. S. W. Vaux on the origin 

of the Maori races in, 178. 

Nicholas (Dr. T.), a new paragraph in 
early En^liah history, 177. 

Nicholson fProf. H. A.) on Azygograp- 
tm, a new genus of graptolites from 
the Skiddaw Slates, 78. 

and C. Lapworth on the central 

frroup of the Silurian series of the 
Norm of England, 78. 

*Nile, journey towards the outlet of the, 
from the Lake Albert Nyanza, by 
Lieut. Chippindale, 190. 

* , the Upper, expedition from the 

Lake Tchad to, by Dr. G. Nachtigall, 
195. 

*Ni trite of silver, J. W. Gatehouse on, 
43, 

*Noctilucine, Dr. T. L. Phipson on, 45. 

•Oceanic circulation, Dr. W. B, Carpen- 
ter on the bearings of recent observar 
tions on the doctrine of, 190. 

J. Croll on the ^ Chal- 
lenger’s ’ crucial test of the wind and 
gravitation theories of, 191 . 

•Onynoitic acid, A. Oppenheim on, 
45. 

•0|^enheim (A.), on onynoitic acid, 

• and L. Jackson on derivates of 

mercaptan, 43. 

Optical properties of a titano-silicic 
glass, Prof. Stokes and J. Hopkinson 
on the, 26. 

Origin of two polished and sharpened 
stones from Cefh Cave, D, Mackin- 
tosh on the, 75. 

Original localities of the races forming 
the present population of India, 
Sir W. EUiot on the, 178. 

Ornithological investigation, A. Newton 
on certain neglected suWects of, 162. 

Ossuary at Rotnwell, in Northampton- 
shire, Dr. Beddoe on the, 170. 

Oxidation of the essential oils, C. T. 
Kingzett on the, 43. 

•Oxus, Major H. Wood on changes in 
the course of the, 197. 

Pamir Steppe, Col. T. E. Gordon on 
tlie exploration of the, 193. 

Paraguay, K. Johnston on journeys in, 
in 1874-76, 193. 

Partitions, J. W. L. Glaisher on the 
formulos of verification in, 11. 

Peacock (T. F.) on building societies 
and the Act of 1874, 218. 


Penal legislation, Rev. J. T. Burt on the 
principles of, 207. 

•Pengelly (W.) on the archaeological 
discoveries in Kent’sOavem, Torquay, 
177; •on a recent notice of Brixham 
Cavern, 177. 

Perceval (C. H. 8.) on a rare species 
of fungus found in Surrey, 158. 

Periodates, T. Fairley on a new method 
of preparing, with application as a 
test for iodine and sodium, 42. 

Perry (Rev. S. J.) on the transit of 
Venus, Dec. 8, 1874, 24. 

•Persia, the Turcoman frontier of, Capt. 
the lion. G. Napier on, 196. 

Phend (J. S.) on the works, manners, 
and customs of the early inhabitants 
of the Mendips, 177. 

•Phipson (Dr. T. L.) on noctilucine, 
45. 

Photographic revolver, Dr. J. Janssen 
on the, and on the observations of the 
transit of Venus made in Japan, 26. 

Photographs of microscopical objects, 
H B. Brady on a new method of 
taking, devised by Mr. H. T. Bow- 
man, 163. 

•Physiological action of the chinodine 
and nyndine bases, further researches 
on the, by Prof. Dewar and Dr. 
M^Kendrict, 165. 

efiects of various drinking-waters, 

some, W. J. Cooper on, 163. 

Physiology, Address by Prof. Cleland 
to the Department of Anatomy and, 
134. 

•Plants, rare, from Scotland, Prof 
Balfour on, 156. 

Playfair (Ineut.-Col. R. L.), exploration 
of the Aurds mountains, 195. 

•Points and signals, W. Smith on a 
means of recording the movements of, 
252. 

Polluted air, W. Thomson on apparatus 
and modes of examination tor the 
source of, 45. 

Polypodium vulgare. Prof W. R. M*Nab 
on a variety of, 158. 

Portishead Dock, F. C. Stilemim on, 252. 

Position of the magnetic equator in the 
Gulf of Siam and in the Gulf of Ben- 
gal, Dr. J. Janssen on the, 28. 

•Potassium dichromate, T. Fairley on 
the use of, in Grove’s and Bunsen’s 
batteries to ensure constancy, 42. 

Predatory races of Asia and Europe, 
0. S. Wake on the, 179. 

Prehistoric culture in India and Africa, 
Hyde Clarke on, 171. 

maps, J. Evans on a new code 
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of international symbols for use on, 


173. 


Prehistoric names of weapons, further 
note on, hy Hyde Clarke, 172. 
Prejevalsky’s travels in Mongolia and 
Northern Tibet, E. D. Morgan on, 


194. 


Preservation of the bodies of the larger 
animals for dissection, F. Greenwood 
on the, 107. 

Priestman (Miss A. M.) on the indus- 
trial position of women as affected by 
their exclusion from the suffrage, 218. 

Primula vulgaris with interpetaline 
lobes, Prof. A, Dickson on an abnor- 
mality of, 157. 

^Protoplasm and adipocere, D. J. Good- 
man on, 107. 

*Pyridine bases, chinodine and, further 
researches, by Prof. Dewar and Dr. 
M ‘Kendrick, on the physiological 
action of the, 165. 


*Quadric transformation, the effect of, 
on the singular points of a curve. 
Prof. H. J. S. Smith on the, 21.^ 
Queries and remarks relative to existing 
ice-action in Greenland and the Alps, 
compared with former ice-action in 
the N.W. of England and Wales, by 
D. Mackintosh, 76. 


“Railway, A. S. Ilallidie’s wire rope 
traction, W. Smith on, 252. 

Railways, Messrs. Crichton and Craig 
on a* system of audible signals for, 
245. 

* , R. R. Harper on block signal- 

ling on, 248. 

Rainfall in Monmouthshire and the 
Severn valley on July 14th, G. J. 
Symons on, and on some subsequent 
floods in England and Wales, 31. 

Ratio of the actinic power to the illumi- 
nating power of the magneto-electric 
light, Capt. Abney on the, 25. 

“Rawlinson (Rev. Canon) on the ethno- 
graphy of the Cirabri, l78. 

•*Red clav found by the ‘ Challen^r ’ at 
great; depths in the ocean. Dr. W. B. 
Carpenter on the origin of the, 64. 

Relation of the arrangement of the acids 
and bases in a mixture of salts to the 
original manner of combination, Dr. 
J. H, Gladstone on the, 43. 

Reptilian remains from the dolomitic 
conglomerate on Durdham Down, 
Dr. T. Wright on the, 85. 

Researches on the crystalline consti- 
tuents of aloes, by W. A Tilden, 46. 


Revolution indicator, B. Tower on a, 
254. 

Rhabdomancy and belomancy, Miss A. 
W. Buckland on, 170. 

Rhaetic beds near Leicester, W. J. Har- 
rison on the occurrence of, 66. 

or Penarth beds, Rev. P. B. Brodie 

on the further extension of, in War- 
wickshire, Leice8ter8hire,Nottingham- 
shire, Yorkshire, and Cumberland; 
and on the occurrence of some sup- 
posed remains of a new LabjTin- 
thodon and a new Radiate therein, 
(M. 

^Richardson (C.) on the Severn tunnel, 
250 ; “on the tidal scour in the Severn, 
250. 

Ricketts (Dr. C.) on the cause of the 
glacial period, with reference to the 
British Isles, 79. 

“River-basin,” 1). Mackintosh on the 
geological meaning of the term, and 
the desirability of substituting “ drain- 
age-area,” 75*. 

Roberts’s patent communicator for rail- 
way trams, W. R. Browne on, 243. 

Rolleston (Prof.), Address by, to the 
Department of Anthropology, 142 ; 
“on the animal remains found in 
Cissbury Camp, 178; ♦on the ap- 
plicability of nistorical evidence to 
ethnographical inquiries, 178. 

Rotifera, Dr. C. T. Hudson on the classi- 
fication and affinities of the, 161. 

“Rowland (H. A.) on the magnetizing 
function of iron, nickel, and cobalt, 
29 ; “on magnetic distribution, 29. 

Ituhus, Prof. W. R. M®Nab on a variety 
of, 168. 

“Rusbridge and Stroudley (Messrs.) on 
communication between passengers 
and guards, 252. 

“Saise (W.), H. Cossham, and E. 
Wethered on the northern end of 
the Bristol coalfield, 64. 

“Sand bars at the mouth of harbours, 
C. Bergeron on the prevention of, 
243. 

Sanders (W.) on certain large bones in 
Rhsetic beds at Aust Cliff, near Bris- 
tol, 80. 

Saxifraga gteUaris^ Prof. A. Dickson on 
a monstrosity in, 157. 

Sclater (P. L.), Address by, to the 
Biological Section, 85. 

Scotland, Rev. J. Earle on the ethno- 
graphy of, 172. 

Screw steam-ships, W. Denny on the 
trials of, 246. 
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Screw-complex of the second order, 
Prof. R. S. Ball on a, 10. 

*Sea-bottom of the North Pacific, Dr. 
W. B. Carpenter on the condition of 
the, as shown by the soundings recent- 
ly taken by the U.S. steamship ‘ Tus- 
carora,’ 64. 

Sedimentary rocks, Prof. T. M^K. 
Hughes on the classification of the, 70. 

Separation of lead, silver, and mercury, 
T. Fairley on the, 42. 

*Sericiculture, Mons. Bonhomme on, 

200 . 

^Severn, the tidal scour in the, 0. 
Richardson on, 250. 

* tunnel, 0. Richardson on the, 260. 

*Sewage, J. C. Melliss on the treatment 

of, 46. . 

*Sewer-trap, H. Masters on a, 250. 

Shadows of plane curves on spheres, 
H. M. Jeffery on, 16. 

•Sharpness Docks, W. B. Clegram on, 
245. 

Shoolbred (J. N.) on tides in the Irish 
Sea, 250. 

•Signals, W. Smith on a means of re- 
cording the movements of points and, 
262. 

f audible, for railways, Messrs. 

Crichton and Craig on a system of, 246. 

•Silkworm, Mrs, B. Neill on the accli- 
matization of the, 218. 

Silurian series of the North of England, 
Prof. H. A. Nicliolson and 0. Lap- 
worth on the centra] group of the, 78. 

•Simms (Dr.) on the physiognomy of 
the ear, 178. 

•Singular solutions. Prof. H. J. S. Smith 
on, 21. 

of differential equations of the 

first order which represent lines at 
infinity, Prof. P. Mansion on the, 19. 

Skin, some new researches on the ana- 
tomy of the, Dr. Mar^ on, 109. 

•Smith (Prof. H. J. S.) on singular 
solutions, 21 ; •on the efiect of qua- 
dric transformation on the singular 
points of a curve, 21 j ^on continued 
tractions, 21. 

• (W.) on A. S. Hallidie’a wire 

rope traction-railway, 252 ; •on a 
means of recording the movements of 
points and signals, 252 ; *on a breech- 
loading mountain gun, 252 j •on a 
military bidon, 262. 

Sociology, anthropolo^, and nationality, 
D. Mackintosh on, 176. 

•Solution of difficultlysoluble substances, 
A. H. Allen on a method of effecting 
the, 37. 


•Solvents, new, for gold, silver, plati- 
num, &c., T. Fairley on, with an ex- 
planation of the so-called catalytic 
action of these metals and their salts 
on hydrogen dionide, 42. 

South-African diamonds, Prof J. Ten- 
nant on the, 82. 

torrentid floods. Dr. J. C. Brown 

on, 190. 

South-Sea Islanders, Rev. W. W. Gill 
on the origin of the, 173. 

•Spalding (D. A.) on instinct and ac- 
quisition, 163 ; •on free trade in labour, 
220 . 

*Spiranthes Romanzovianay Dr. D. Moore 
on, 168. 

•Stamp (Miss) on statistics of free pub- 
lic libraries, 220. 

Standard of national education, Mrs. 
W. Grey on the, 213. 

•Statistics of free public libraries. Miss 
Stamp on, 220. 

Steel, the effect of heat in altering the 
molecular structure of, Prof W. F. 
Barrett on, 259. 

• gradient formation, H. Handyside 

on a, 248. 

* wires and rods, the effects of heat 

on the molecular structure of, Prof 
W. F. Barrett on, 27. 

Steering, Dr. Woolley on, 255. 

Stewart (Prof B.), Address by, to the 
Mathematical and Physical Section, 1. 

Stiloman (F. C.) on Portishead Dock, 
252. 

Stoddart (W. W.) on auriferous lime- 
stone at Walton, 81. 

Stokes (Prof) and J. Ilopkinson on the 
optical properties of a titano-silicic 
glass, 20. 

Stone implement. Dr. J. H. Gladstone 
on the recent discovery of a, in the 
brick-earth of Erith, 175. 

Strachey (Lieut.-Gen. R.), Address by, 
to the Geographical Section, 180. 

•Stroudley and Rusbridge (Messrs.) on 
communication between passengers 
and guards, 262. 

Submerged forest in the estuary of the 
Orwell, discovery of a, by J. E. Taylor, 
82. 

Sugar, some account of the manufacture 
and refining of in Bristol, 1876, by 
H. T. Chamberlain, 39. 

trade in Bristol, 1875, H. Cham- 
berlain on the rise and progress of 
the, 209. 

•Sun-spot period. Prof W, S. Jevons 
on the influence of the, upon the price 
of com, 217. 
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Bun-spots, atmospheric ozone, rain, and 
force 01 wind, Dr. J. Moffat on the 
appai'ent connexion between, 31. 

♦Symonds (Rev. W. S.) on changes of 
climate during the glacial period, 82. 

Symons (G. J.) on the rainfall in Mon- 
mouthshire and the Severn valley on 
July 14th, and on some subsequent 
floods in England and Wales, 31. 

Tannic acid, J. Watts on Muntz and 
Ramspacher’s apparatus for the esti- 
mation of, 46. 

•Tanning of sole-leather in Bristol, S. 
Evans on the, 209. 

Tawney (E. B.) on the age of the Can- 
nington-Para limestone, and its rela- 
tion to coal-measures south of the 
Mendips, 82. 

Taylor (H. M.), contributions to the 
mathematics of the chessboard, 21. 

(J. E.), discovery of a submerged 

forest in the estuary of the Orwell, 
82. 

Tennant (Prof. J.) on the South- African 
diamonds, 82. 

Theorems on the nth roots of unity, J. 

L. Glaisher on, 13. 

Thomson (J.) on a new genus of rugous 
corals from the mountain-limestone 
of Scotland, 83. 

• (Sir W.) on Laplace’s process for 

determining an arbitrary constant in 
the integration of his difterential 
equation for the semidiurnal tide, 23; 
•general integration of Laplace’s dif- 
ferential equation of the tides, 23 ; 
•on the integration of linear difleren- 
tial equations with rational coefiici- 
ents, 23 ; •on some effects of La- 
place’s theory of tides, 23 ; •on the ef- 
fect of stress on the magnetism of soft 
iron, 29 ; *on a machine for the cal- 
culation of tides, 253. 

• and J. HopKinson on methods of 

giving distinctive characters to light- 
houses, 253. 

(W.^ on apparatus and modes 

of examination for the source of pol- 
luted air, 45. 

Thornycroft (J, I.) on vertical motion 
of vessels, 262. 

•Thorpe (Prof. T. E.) on a new gaseous 
compound of fluorine and phosphorus, 

Tidal currents, the drifting power of, 
and that of wind-waves, G. H. Kina- 
han on, 74. 

•Tide, the semidiurnal, Laplace’s pro- 
cess for determining an arbitraiy" con- 


stant in the integration of his differen- 
tial equation for, Sir W. Thomson on, 
23. 

Tides in the Irish Sea, J. N. Shoolbred 
on, 250. 

• , Laplace’s differential equation of 

the, general integration of, by Sir W. 
Thomson, 23. 

• , Laplace’s theory of, SirW. Thom- 

son on some effects of, 23. 

• , Sir W. Thomson on a machine 

for the calculation of, 263. 

Tilden (W. A.^, researches on the crys- 
talline constituents of aloes, 46. 

Tin-ore, 0. Le Neve Foster on the de- 
posit of, at Park of Mines, St. Oolumb, 
Cornwall, 64. 

Titano-silicic glass. Prof. Stokes and J. 
Ilopkinson on the optical properties 
of a, 26. 

•Tobacco trade of Bristol, T. Davey on 
the, 40. 

Topley (W.) on the Channel tunnel, 
253. 

Tower (B.) on a machine for obtaining 
motive power from the motion of a 
ship among waves, 263 ; on a revolu- 
tion-indicator, 254. 

Toynbee (Capt. H.) on the physical 
geography of that part of the Atlantic 
which lies between 20° N. and 10° S., 
and extends from 10° to 40° W., 
196. 

Traill (W. A.) on the occurrence of a 
lower boulder-clay or till with shells 
in the counties of Down and Maj^o, 
Ireland, 83 ; on a mass of travertine 
or calcareous tuft‘, called “ The Glen 
Rock,” near Ballycastle, County 
Mayo, Ireland, 84. 

Transit of Venus, Dec. 8, 1874, Rev. 
S. J, Perry on the, 24. 

, Dr. J. Janssen on the obser- 
vations of the, made in Japan, 26. 

Travertine or calcareous tuff* a mass of, 
called The Glen Rock,” near Bally- 
castle, County Mayo, Ireland, W. A. 
Traill on, 84. 

•Treatment of sewage, J. C. Melliss on 
the, 45. 

Tribe (A.) and Dr. J. H. Gladstone on 
the action of the copper-zinc couple, 
43 ; on the augmentation of the 
chemical activity of aluminium by 
contact with a more negative metal, 
43. 

Tropmohniy Prof. A. Dickson on abnor- 
mal flowers of, 167. 

*Tumerace(jB from Rodriguez, I. B. 
Balfour on, 166. 
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Undulations of the chalk in the North 
of France, and their probable exist- 
ence under the Straits of DoYer, Prof, 
E. Hubert on the, 67. 

•Vascular plexuses in the elephant and 
other animals, L. 0. Midi and F. 
Greenwood on, 170. 

Vaux (W. S. W.) on the origin of the 
Maori races in New Zealand, 178. 

•Vegetarianism, C. 0, Groom-Napier 
on, 169. 

Venus, the transit of, Dec. 8, 1874, 
Rev. S. J. Perry on, 24. 

, , Dr. J. Janssen on the obser- 
vations of, made in Japan, 26, 

Verification in partitions, J. W. L. 
Glaisher on the formulae of, 11. 

Vertical motion of vessels, J. I. Thorny- 
croft on, 252. 

Vivian (E.) on the comparative mor- 
tality of abstainers and non-abstainers 
from alcoholic liquors, 220. 

Wake (C. S.) on the predatory races of 
Asia and Europe, 179. 

Waste lands, W. Botly on agricultural 
statistics and, 206. 

Water-supply for the villages and coun- 
try parishes of the central and eastern 
counties of England, a scheme for, by 
Prof. Hull, 249. 

Waters, drinking-, W. J. Cooper on some 
physiological effects of various, 163. 

Watts (J.) on Muntz and Ramspacher’s 
apparatus for the estimation of tannic 
acid, 46. 


Weddas of Ceylon, B. F. Hartshbrne on 

the, 176. 

•Westgarth (W.) on the science of 
capital and money, 220. 

Westropp (H. M.) on the cycle of de- 
velopment, 179. 

•Wethered (E.), H. Cossham, and W. 
Saise on the northern end of the 
Bristol coalfield, 64. 

Williamson (Prof. W. 0.) on some fos- 
sil seeds from the lower carboniferous 
beds of Lancashire, 169. 

Wind-waves, G. H. Kinahan on the 
drifting power of tidal currents and 
that o:^ 74. 

Women, Miss A. M. Priestman on the 
industrial position of, as affected by 

• their exclusion from the sufirage,218. 

•Wood (Major H.) on changes in the 
course of the Oxus, 197. 

Woolley (Dr. J.) on steering, 266. 

•Workmen’s dwellings, W. Botly on, 
206. 

Wright (Dr. 0. R. A.) and G. H. Beckett 
on the alkaloids of the aconites, 87 j 
on Japanese camphor from pepper- 
mint, 38. 

(Dr. T.), Address by, to the Geo- 
logical Section, 47 j on the reptilian 
remains from the dolomitic conglome- 
rate on Durdham Down, 85. 

Yoredale series in the North of Eng- 
land, G. A. Lebour on the limits of 
the, 74. 

•Yule (Col.) on trade-routes to Western 
China, 197. 
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Magnetic Force in Scotland; — J. Richardson, on North American Zoology; — Rev. J. Challis, 
on the Mathematical Theory of Fluids ; — J. T. Mackay, a Comparative View of the more 
remarkable Plants which characterize the neighbourhood of Dublin and Edinburgh, and the 
South-west of Scotland, &c ; — J. T. Mackay, Comparative Geographical Notices of the 
more remarkable Plants which characterize Scotland and Ireland ; — Report of the London Sub- 
Committee of the Medical Section on the Motions and Sounds of the Heart; — Second Report 
of the Dublin Sub-Committee on the Motions and Sounds of the Heart ; — Report of the Dublin 
Committee on the Pathology of the Biain and Nervous System; — J. W. Lubbock, Account 
of the Recent Discussions of Observations of the Tides ; — Rev. B. Powell, on determining the 
Refractive Indices for the Standard Rays of the Solar Spectrum in various media; — Dr. Hodgkin, 
on the Communication between the Arteries and Absorbents; — Prof. Phillips, Report of Experi- 
ments on Subterranean Temperature 5— Prof. Hamilton, on the Validity of a Method receptly 
proposed by G, B. Jerrard, for Transforming and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof. Daubeliy’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the SEVENTH MEETING, at Liverpool, 1837, 
PtdtUshed at I6«. 6d. 

Contents Major E. Sabine, on the Variations of the Magnetic Intensity observed at dif- 
ferent points of the Earth’s Surface Rev. W. Taylor, on the various modes of Printing for 
the Use of the Blind -J. W. Lubbock, on the Discussions of Observations of the Tides; — 
Prof, T. Thomson, on the Difference between the Composition of Cast Iron produced by the 
Cold and Hot Blast Rev. T. R. Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations; — R. W. Fox, Experiments on the Electricity of Metallic 
Velnsi and the Temperature of Mines ;— Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate the Composition of Secretions, and 
the Organs producing them ; — Dr. G. O. Rees, Report from the Committee for inquiring into 
the Analysis of the Glands, 8rc. of the Human Body ; — Second Report of the London Sub-Com- 
mittee of the British Association Medical Section, on the Motions and Sounds of the Heart;— 
prof, Johziston, on the Present State of our Knowledge in regard to Dimorphous Bodies; — 
Lt-CoL Sykes, on (the Statistics of the Four Collectorates of Dukhun, under the British Go- 
vernment;— E.Hodgkinson, on the relative Strength and other Mechanical Properties of Iron 
obtained from the Hot and Cold Blast;— W. Fairbairn, on the Strength and other Properties 
of Iron obtained from the Hot and Cold Blast; — Sir J. Robison and J. S. Russell, Report of 
the Committee on Waves Note by Major Sabine, being an Appendix to his Report on the 

Variations of the Magnetic Intensity observed at difTcrent Points of the Earth's Surface j 

J. Yates, on the Growth of Plants under Glass, and without any free communication with the 
otitward Air, on the Plan of Mr. N. J. Ward, of London. 

Together with the Transactions of the Sections, Prof, TrailPs Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the EIGHTH MEETING, at Newcastle, 1838, 
PnhUshedna 15s. 

Contents ; — Rev. W. Whewell, Account of a Level Line, mcastircd from the Briitol Chan- 
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nel to ill© BnsU Channel, by Mr. Bunt ;-^Report on the Discussions of Tides, prepared 
under the direction of the Rev. W. Whewellj— »W. S. Harris, Account of the Progress and 
State of the Meteorological Observations at Plymouth ; — Mi^or E. Sabine, on the Magnetic 
Isoclinal and Isodynamic Lines in the British Islands; — D.Lardner, LL.D., on the Determi- 
nation of the Mean Numerical Values of Raihvay Constants; — R. Mallet, First Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought Iron R, 
Mallet, on the Action of a Heat of 212° Fahr., when long continued, on Inorganic and Organic 
Substances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the NINTH MEETING, at Birmingham, 1839, 
Published at 13^. (Out of Print.) 

Contents: — Rev. B. Powell, Repoit on the Present State of our Knowledge of Refractive 
Indices, for the Standard Rays of the Solar Spectrum in different media; — Ilcpoiton the Ap- 
plication of the Sura assigned for Tide Calculations to Rev. W. Whew ell, in a Letter from T. G. 
Bunt, Esq.; — H. L. Pattinson, on some Galvanic Experiments to deteimine the Existence or 
Non-Existence of Electrical Currents among Stratified Rocks, paiticiilarly those of the Moun- 
tain Limestone formation, constituting the Lead Measures of Alton Moor; — Sir D. Brewster, 
Reports respecting the two seiies of Hourly Meteorological Observations kept in Scotland |— 
Report on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle;— R. Owen, Report on British Fossil Reptiles; — E« 
Forbes, Report on the Distribution of Pulmoniferous Mollusca in the British Isles; — W. S. 
Harris, Third Report on the Progress of the Hourly Meteorological Register at Plymouth 
Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon llai court’s Address, and 
Recommendations of the .Association and its Committees. 


PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840, 
Published at 1 5s, (Out of Print.) 

Contents : — Rev. B. Powell, Report on the recent Progress of discovery relative to Radiant 
Heat, supplementary to a former Ilepoit on the same subject inserted in the first volume of the 
Reports of the British Association for the Advancement of Science ; — J. D. Forbes, Supple- 
mentary Report on Meteorology; — W. S. Harris, Report on Pi of. Whewell's Anemometer, 
now in operation at Plymouth ; — Report on “ The Motion and Sounds of the Heart,” by the 
London Committee of the British Association, for 1839-40 Prof. Schbnbein, an Account of 
Researches in Electro-Chemistry ; — R. Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and Steel ; — R. W. Fox, Report on some Observations on Subterranean Tem- 
perature ; — A. P. Osier, Report on the Observations recorded during the years 1837, 1838, 1839, 
and 1840, by the Self-registering Anemometer erected at the Philosophical Institution, Bir- 
mingham Sir D. Brewster, Report respecting the two Series of Hourly Meteorological Ob- 
servations kept at Inverness and Kingussie, from Nov. Ist, 1838 to Nov. Ist, 1839;— W. 
Thompson, Report on the Fauna of Ireland : Div. Vertehrata ; — C. J. B. Williams, M.D., 
Report of Experiments on the Physiology of the Lungs and Air-Tubes ; — Rev. J. S. Henslow, 
Report of the Committee on the Preservation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E, Sabino’a 
Address, and Recommendations of the Association and its Committees. 

PROCEEDINGS of the ELEVENTH MEETING, at Plyiuoutli, 
J841, Published at 13a. Qd, 

COHTISNTS Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the La^s of Conduction of Heat G. L. Roupell, M.D., Report on Poisons 
T. O. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. W . Wbewellj 
— D. Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Wheweil W. S. Harris, upon the working of Whewell’s Anemometer at Plymouth 
daring the past year ; — Report of a Committee appointed for the purpose of superintend* 
Ing the scientific cooperation of the British Association in the System of Simultaneous Obsef- 
vations in Terrestrial Magnetism and Meteorology .—Reports of Committees appointed to put. 
fide Meteorological Instmineoti for the use of M. Agassis and Mr, M*Cord of a Coiu« 
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mittee to superintend the reduction of Meteorological Observations;— Report of a Com* 
mittee for revising the Nomenclature of the Stars ; — Report of a Committee for obtaining In* 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland ; — Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ; — Dr. Hodgkin, on Inquiries 
into the Races of Man Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi- 
ments, and to draw up Directions for Observers in such circumstances ; — R. Owen, Report 
on British Fossil Reptiles ; — Reports on the Determination of the Mean Value of Railway 
Constants D. Lardner, LL.D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants j — E. Woods, Report on Railway Constants ; — Report of a 
Committee on the Construction of a Constant Indicator for Steam-Engines. 

Together with the Transactions of the Sections, Prof. WhewelPs Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS op the TWELFTH MEETING, at Manchester, 
1 84*2, Published at 10^. 6d» 

Contents : — Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations;— 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealand ; — 
W. S. Harris, Repoit on the Progress of Meteorological Observations at Plymouth ; — Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds ; 
— C. Vignoles, Report of the Committee on Railway Sections ; — Report of the Committee 
for the Preservation of Animal and Vegetable Substances Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Report on Organic Chemistry applied to Physiology and Pathology; — 
R. Owen, Report on the British Fossil Mammalia, Part I.; — R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ; — L. Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ; — W. Fairbairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast; — D. Milne, Report of the Committee for Registering Shocks of Earthquakes 
in Great Britain ; — Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Piston of the Self-acting En- 
gine at different periods of the Stroke J. S. Russell, Report of a Committee on the Form of 
Ships Report of a Committee appointed “to consider of the Rules by which the Nomencla- 
ture of Zoology may be established on a uniform and permanent basis ; “—Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland ; — Provisional Reports, and Notices 
of Progress in special Researches entrusted to Committees and Individuals, 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 
1843, Published at 12^. 

Contents Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wrought Iron, and 
Steel Report of the Committee appointed to conduct the Cooperation of the British As- 
sociation in the System of Simultaneous Magnetical and Meteorological Observations ; — Sir 
J. F. W. Herschel, Bart., Report of the Committee appointed for the Reduction of Meteoro- 
logical Observations; — Report of the Committee appointed for Experiments on Steam- 
Engines ;— Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland; — J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships; — J. Blake, Report on the Physiological Action of Medicines;— Report 
of the Committee on Zoological Nomenclature ; — Report of the Committee for Registering 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ;— Report of the Committee for conducting Experiment! with Captive Balloons; 
—Prof. Wheatstone, Appendix to the Report ; — Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs ; — C. W. Peach, on the Habits of the Marine 
Testacea E. Forbes, Report on the Molluscs and Radiata of the £gean Sea, and on their 
distribution, considered as bearing on Geology L. Agassis, Synoptical Table of British 
Fossil Fishes, arranged in the order of the Geological Formations ; — R. Owen, Report on the 
British Fossil Mammalia, Part IL;— E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Collyhitrst W. 
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Thompson, Report on the Fauna of Ireland : Div. Iwveriehraia ProvUional Reports, and 
Notices of Progress in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Carl pf Rosse’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844-, 
Published at £1. 

Contents: — W. B. Caipenter, on the Microscopic Structure of Shells ; — J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca;— R. Hunt, Reseaiches on the 
Influence of Light on the Germination of Seeds and the Gro\vth of Plants?' — Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars; — Lt-Col. Sabine, on the Meteorology of Toronto in Canada ; — J. Blackwall, Report 
on some recent researches into the Structure, Functions, and Economy of the Araneidea 
made in Great Britain ; — Earl of Rosse, on the Construction of large Reflecting Telescopes ; 
•—Rev. W. V. Harcourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory ; — Report of the Committee for Registering 
Earthquake Shocks in Scotland; — Report of a CommitteeforExperimentson Steam-Engines; 
— Report of the Committee to investigate the Varieties of the Human Race ; — Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds, — W. Fair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke ; — F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ; — Sixth Report of the Committee 
appointed to conduct the Cooperation of the British Association in the System of Simulta- 
neous Magnetical and Meteorological Observations; — Prof. Forchhainmer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ; — H. E. Strickland, Report on 
the recent Progress and Present Slate of Ornithology ; — T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland; — Pi of. Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Maisupial Representatives of the Order 
Pachydermata ; — W. S. Harris, Report on the working of Whcwell and Osier's Anemometers 
at Plymouth, for the years 1841, 1842, 1843 W. R. Birt, Report on Atmospheric Waves; 
— L. Agassiz, Rapport sur les Poissons Fossiles de TArgile de Londres, with translation; — J# 
S. Russell, Report on Waves ; — Provisional Reports, and Notices of Progress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambridge, 

1 845, Published at 1 2s. 

Contents: — Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions;— Lt.-Col. Sabine, on some points in the Meteorology of Bombay :—J. Blake, Report 
on the Physiological Actions of Medicines ; — Dr. Von Boguslawski, on the Comet of 1843; 
— R. Hunt, Report on the Actinograph ; — Prof. Schbnbein, on Ozone ; — Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity; — Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg;— 
W. R. Birt, Second Report on Atmospheric Waves; — G. R. Porter, on the Progress and Pre- 
sent Extent of Savings' Banks in the United Kingdom ; — Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Smelting 
of Iron Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ; — Fifth Report of the Committee on the Vitality of Seeds ; — Appendix, fire. 

Together with the Transactions of the Sections, Sir J. F, W, Herschel’s Address, and Re- 
commendations of the Association and its Committees, 

PROCEEDINGS or the SIXTEENTH MEETING, at Southampton, 

1846, PtihlUhed at I5fi. 

Contents: — 6. O. Stokes, Report on Recent Researches in Hydrodynamics Sixth 
Report of the Committee on the Vitality of Seeds ; — Dr. Scbunck, on the Colouring Matters of 
Madder; — J. Blake, on the Physiological Action of Medicines; — R. Hunt, Report on the Ac- 
tinograph R. Hunt, Notices on the Influence of Light on the Growth of Plants ;— R. L. 
Ellis, on the Recent Progress of Analysis;— Prof. Forchhammer, on Comparative Analytical 
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Researches on Sea Water A. Rrmatii on the Calculation of the Gaussian Constants fbt 
1829; — G. R. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain j— W, R. Birt, Third Report on Atmospheric Waves;— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton 
J. Phillips, on Anemometry J. Percy, M.D,, Report on the Crystalline Flags; — Addenda 
to Mr. Birt's Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison^s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 
1847> Published at 18^. 

Contents : — Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water ; — R. Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants ; — R. Mallet, on 
the Facts of Earthquake Phenomena; — Prof. Nilsson, on the Primitive Inhabitants of Scan- 
dinavia; — W. Hopkins, Report on the Geological Theories of Elevation and Earthquakes; 
—Dr. W. B. Carpenter, Report on the Microscopic Structure ofShells;— Rev. W. Whewell and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides;— Dr. Schunck, on Colouring Matters ;— Seventh Re- 
port of the Committee on the Vitality of Seeds; — J. Glynn, on the Turbine or Hoiizonlal 
Water-Wheel of Fiance and Germany; — Dr. R. G. Latham, on the present state and recent 
progress of Ethnographical Philology ; — Dr. J. C. Prichard, on the various methods of Research 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge; — Dr. C. C. J. Bunsen, on the lesults of the recent Egyptian 
researches in reference to Asiatic and Afiican Ethnology, and the Classification of Languages ; 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialecis still extant;— Dr. Max MiiUer, on the Relation of the Bengali to the 
Arian and Aboriginal Languages of India; — W. R. But, Fourth Report on Atmospheric 
Waves;— Prof. W. H. Dove, Temperature Tables, with Introductory Remarks by Lieut.-Col. 
E. Sabine ; — A. Ermanand U. Petersen, Thud Report on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Harry Ingils’s Address, and 
Recommendations of the Association and its Committees, 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 
ISiS, Published at 9s. 

Contents Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors;— 
J. Glynn on Water-pressure Engines; — R. A. Smith, on the Au and Water of Towns; — Eighth 
Report of Committee on the Giowth and Vitality of Seeds ; — W. R. Birt, Fifth Report on At- 
mospheric Waves ; — E, Schunck, on Colouring Matters ; — J. P. Budd, on the advantageous use 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works; — R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations ; — Prof. H, W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 ; — Remarks by Prof. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in legard to Climatology dcducible from them ; with an in- 
troductory Notice by Lt.-Col. E. Sabine ; — Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns ; — J. Phillips, Notice of further 
progress in Anemometrical Researches ; — Mr. Mallet’s Letter to the Assistant-General Secre- 
tary; — A. Erman, Second Report on the Gaussian Constants; — Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnetical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton*! Address, 
and Recommendations of the Association and its Committees. 

PBOCEEDINGS op the NINETEENTH MEETING, at Birmingham, 
1849, Published at 105. 

doNTBNTB t— Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ;— Ear] 
of Rosse, Notice of Nebulae lately observed in the Six-feet Reflector ;— Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the Fossil 
Remains found in the Coal Formation ; — Dr. Andrews, Report on the Heat of Combination ; 
1— Report of the Committee on the Registration of the Penodic Fhenomena of Plants and 
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Animals ;**-Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— F. Ronalds, Report concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849 ; — K. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion;*— 'W. R. Birt, Report on the Discussion of the Electrical Observations at Kew, 

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Address, and 
Recommendations of the Association and its Committees, 

PROCEEDINGS of; the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 15i. (Out of Print.) 

Contents : — R. Mallet, First Report on the Facts of Earthquake Phenomena Rev. Prof. 
Powell, on Observations of Luminous Meteors -Dr. T. Williams, on the Structure and 
History of the British Annelida; — T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the 1st of January, 1840 to the 31st of December, 1849; — R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations; — Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India ; — F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge; — R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849, — Prof. Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa Registration of the Periodical Phenomena of 
Plants and Animals ; — Suggestions to Astronomers for the Observation of the Total Eclipso 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster’s Address, and Reconi'- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich, 

1851, Published at 16^. Qd, 

Contents: — Rev. Prof. Powell, on Observations of Luminous Meteors; — Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds ;— 'Dr. J. Diew, on 
the Climate of Southampton ; — Dr. R. A. Smith, on the Air and Water of Towns : Action of 
Porous Strata, Water and Organic Matter .—Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point of View of the Destruction of Tro- 
pical Forests ; — A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants; — Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds , — Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology;— 
Dr. T. Williams, Report on the British Annelida; — 11. Mallet, Second Report on the Facts of 
Earthquake Phenomena ; — Letter from Prof. Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States; — Cul. Sabine, Report 
on the Kew Magnetogiaphs , — J. Welsh, Report on the Performance of his three Magneto- 
graphs during tlie Experimental Trial at the Kew Observatory ; — F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew, from September 12, 1850 to July 31, 
1851 ; — Ordnance Survey of Scotland. 

Together with the Transactions'] of the Sections, Prof. Airy's Address, and Recom« 
mendations of the Association and its Committees. 

PROCEEDINGS op the TWENTY-SECOND MEETING, at Belfast, 

1852, Published at 1 5s. 

Contents : — R. Mallet, Third Report on the Pacts of Earthquake Phenomena;— Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds Rev. Prof. 
Powell, Report on Observations of Luminous Meteors, 1861-52; — Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants ; — A Manual of Ethnological 
Inquiry ; — Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency ; — Prof. J. D. Forbes, on Experiments on the Laws of the 
Conduction of Heat; — R. Hunt, on the Chemical Action of the Solar Radiations Dr, Hodges, 
on the Composition and Economy of the Flax Plant; — W. Thompson, on the Freshwater 
Fishes of Ulster; — W. Thompson, Supplementary Report on the Fauna of Ireland;— W. Wills, 
on the Meteorology of Birmingham;— Thomson, on the Vortex- Water- Wheel J. B.Lawea 
and Dr. Gilbert, on the Composition of Fooda in relation to Respiration and the Feediii^ ol 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine's Address, and RecOlQ* 
mendations of the Association and its Committees* 



PROCEEDINGS op the TWENTY-THIRD MEETING, at Hull, 
I85S, Ptihlishcd at 10^. Qd, 

Contents: — Uev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
—James Oldham, on the Physical Features of the Humber; — James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull; — William Fairbairn, Experi- 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion; — J. J. Sylvester, Provisional Report on the Theory of Determinants 
Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Plant; — Thirteenth Report of Committee on Experimeitts on the 
Growth and Vitality of Seeds ; — Robert Hunt, on the Chemical Action of the Solar Radiations; 
— John P. Bell, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; First Report of Committee on the Physical Character of the Moon's Sur* 
face, as compared with that of the Earth ; — R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments; — William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ; — Robert Mallet, Third Report on the Facts of Earth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY- FOURTH MEETING, at Liver- 
pool, 1 854*, Published at 1 8^. 

Contents: — R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued) ; 
— Major-Geneial Chesney, on the Construction and General Use of Efficient Life-Boats;— Rev. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ; — Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories ; — 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting 
Seismometers; — Dr. Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2; — Rey. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54 ; 
—Second Report of the Committee on the Physical Chaiacter of the Moon’s Surface ; — W. G. 
Armstrong, on the Application of Water* Pressure Machinery J. B. Lawes and Dr. Gilbert, 
on the Equivalency of Starch and Sugar in Food Archibald Smith, on the Deviations of the 
Compass in Wooden and Iron Ships Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 

Contents T. Dobson, Report on the Relation betw’een Explosions in Coal-Mines and 
Revolving Storms;— Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under different Atmospheric Conditions, Part 3 ; — C. Spence Bate, on the 
British Edriophtbalma ; — J, F. Bateman, on the present state of our knowledge on the Supply 
ofWiter to Towns; — Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 ; 
—Report of Committee appointed to inquire into the best means of ascertaining those pro- 
perties of MetaU i.ad effects of various inodes of treating them which are of importance to the 
durability and efficiency of Artillery ; — Rev. Prof. Henslow, Report on Typical Objects in 
Natural History;— A. Follett Osier, Account of the Self-Registering Anemometer and Rain- 
Oauge at the Liverpool Observatory ; — Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll's Address, and Recom* 
mendations of the Association and its Committees. 

PROCEEDINGS or the TWENTY-SIXTH MEETING, at Chel- 
tenbam, 1856, Published at 18f. 

Contents : — Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by tbe alterations which within the last 
fifty years have been made in its Banks;— J. Thomson, Interim Report on progress in Re- 
searches on the Measurement of Water by Weir Boards; — Dredging Report, Frith of Clyde, 
185b;*— ‘Rev. B. Powell, Report on Observations of Luminous Meteors, 1855-1856; — Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches Rev. James Booth, on the Trigo- 
nometry of the Parabola, and the Geometrical Origin of Logarithms R. MaeAndrew, Report 
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on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouiing Seas, and 
the physical conditions affecting their development; — P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of Noith America;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
—Prof. Phillips, Repot t on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part I. ; — Dr. T. Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata ; — W, Fairbairn, on the Tensile Stiength of Wrought Iron at various 
Temperatures ; — C. Atherton, on Mercantile Steam Transport Economy ; — J. S. Bowerbank,on 
the Vital Powers of the Spongiadoe; — Report of a Committee upon the Experiments conducted 
at Stoimontiield, near Perth, for the artificial propagation of Salmon; — Provisional Report on 
the Measurement of Ships for Tonnage , — On Typical Forms of Minerals, Plants and Animals 
for Museums; — J. Thomson, Inteiim Report on Progress in lleseaiches on the Measure- 
ment of Water by Weir Boards; — R. Mallet, on Observations with the Seismometer ; — ^A, 
Cayley, on the Piogiess of Theoretical Dynamics ; — Report of a Committee appointed to con* 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom- 
mendations of the Association and its Committees, 


PROCEEDINGS or the 


Dublin, 1857, Published at 13s. 


TWENTY-SEVENTH MEETING, 


at 


Contents: — A. Cayley, Report on the Recent Progress of Theoretical Dynamics; — Six- 
teenth and final Report of Committee on Experiments on the Giowth and Vitality of Seeds ; 
—James Oldham, C.El., continuation of Report on Steam Navigation at Hull Ilepoit of a 
Committee on the Defects of the present methods of Measuring and Registering the Tonnage 
of Shipping, as also of Mamie Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle may be adopted to estimate the Actual Carrying Capabilities 
and Working-Power of Steam Ships; — Robert Were Fox, Repoit on the Temperature of 


some Deep Mines in Cornwall; — Dr. G. Plarr, De quelques Transformations de la Somme 
SJ ® entier negatif, et de quelques cas dans lesquels cette somme 


est exprimable par une combinaison de factorielles, la notation a^l + i d^signant le picduit des 
t fdcteurs a (a-^1) (a-|-2) &c.. .. 1);—G. Dickie, M.D., Report on the Marine Zoology 
of Strangford Lough, County Down, and corresponding pnit of the Irish Channel; — Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Breadth, and Depth J. S. Bowerbank, Further Repoit on the Vitality of the Spon- 
giadae; — John P. Hodges, M.D., on Flax; — Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 1856-57 ; — C. Vignoles, C.E., on the .\daptation of Suspension Bridges to 


sustain the passage of Railway Tiains; — Professor W, A. Miller, M.D., on Electro-Chemistry; 
—John Simpson, R.N., Results of Thermometrical Obbervations made at the ‘ Plover’s * 
Wintering-place, Point Barrow', latitude 71° 21' N., long. 156° 17' W., in 1852-54 Charles 
James Hargreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions Thomas Grubb, Report on the Impiovemcnt of Telescope and Equatoiial 
Mountings; — Piofessor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Royal Agricultural College at Ciiencester ; — William Fairbairn,on the Resistance 
of Tubes to Collapse George C. Hy ndman, Report of the Proceedings of the Belfast Dredging 
Committee ; — Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections with a given load ; — J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperatuie; — Report on the Animal and Vegetable Products imported into 
Liverpool from the year 1851 to 1865 (inclusive) Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lloyd’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20^. 

Contents: — R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 
nomena;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58 R. H, 
Meade, on some Points in the Anatomy of the Araneidea or true Spiders, especially on (he 
internal structure of their Spinning Organs; — W. Fairbairn, Report of the Committee on the 
Patent Laws;— S. Eddy, on th<? I^ead Mining Districts of Yorkshire W. Fairbairn, on the 
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Collapse of Glass Globes and Cylinders Dr. E. Perceval Wright and Prof. J. Reay Greena, 
Report on the Marine Fauna of the South and West Coasts of Ireland Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain -Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 Report of the Committee on Ship- 
ping Statistics; — Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results; — Prof. J, R. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58 ; — Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India; — George C. Hyndman, Report of the Belfast Dredging Com- 
mittee Appendix to Mr. Vignoles’s paper “ On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trams;”— Report of the Joint Committee of the Royal Society and 
the British Association, for procuring a continuance of the Magnetic and Meteorological Ob- 
servatories;— R. Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15s. 

Contents George C. Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry ; — Professor Duckman, Report on the Growth of Plants in the 
Garden of the Royal Agricultural College, Cirencester; — Dr. A. Voelcker, Report on Field 
Experiments and Laboratory Researches on the Constituents of Manures essential to cultivated 
Crops ; — A. Thomson, Esq., of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
— On the Upper Silurians of Lesmahago, Lanarkshire ; — Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals William 
Fairbairn, Experiments to determine the Efliciency of Continuous and Self-acting Breaks for 
Railway Trains; — Professor J. R, Kinahan, Report of Dublin Bay Dredging Committee for 
1858-59; — Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59; 
— Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the Biiiish Museum, by Bryan H. Hodgson, Esq., late Re- 
sident in Nepal, &c. &c. ; — Messrs. Maskelyne, Iladow, Ilardwich, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photographic Image ; — G. C. Hyndman, 
Report of the Belfast Dredging Committee for 1859 ; — James Oldham, Continuation of Report 
of the Progress of Steam Navigation at Hull; — Charles Atherton, Meicantile Steam Trans- 
port Economy as affected by the Consumption of Coals; — Warren de la Rue, Report on the 
present state of Celestial Photography m England ; — Professor Owen, on the Orders of Fossil 
and Recent Reptilia, and their Distribution in Time ; — Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq., F.R.S.;— W. Fairbairn, The Patent Law's ; 
Report of Committee on the Patent Laws; — J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air; — Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part I. ; — ^Report of the 
Committee on Steamship performance; — Report of the Proceedings of the Balloon Committee 
of the British Association appointed at the Meeting at Leeds ; — Prof. Williain K. Sullivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100® Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June 
and July 1860, Published at 15^* 

Contents: — James Glaisher, Report on Observations of Luminous Meteors, 1859-00;—- 
J. R. Kinahan, Report of Dublin Bay Dredging Committee ; — Rev. J. Anderson, Report on 
the Excavations in Dura Den ; — Professor Buckman, Report on the Experimental Plots in the 
Botanical Garden of the Royal Agricultural College, Cirencester ; — Rev. R. Walker, Report of 
the Committee on Balloon Ascents Prof. W. Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer fbr Kew, and Portable Apparatus for ob- 
serving Atmospheric Electricity William Fiurbaira, Experiments to determine the Eilbct of 
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Vibratory Action and long-continued Changes of Load upon Wrought-iron Girders P* 
Greg, Catalogue of Meteorites and Fireballs, from a.d, 2 to a.d. 1860 j — Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part II. j— Vice-Admiral Moorsom, on the Performance of 
Steam- vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel;— Rev. W. V. Harcourt, Report on the Efffects of iong-continued Heat, 
illustrative of Geological Phenomena Second Report of the Committee on Steamship Per* 
formance ; — Interim Report on the Gauging of Water by Triangular Notches j — List of the 
British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom* 
mendations of the Association and its Committees. 

PROCEEDINGS op the THIRTY-FIRST MEETING, at Manclies- 
tor, September 1861, Published at £1. 

Contents: — James Glaisher, Report on Observations of Luminous Meteors Dr. E. 
Smith, Report ou the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I. ; — Charles Atherton, on Freight as affected by Differences in the Dynamic 
Properties of Steamships; — Wairen De la Rue, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting; — B. Stewart, on the Theory of Exchanges, and its re- 
cent extension ; — Drs. E. Schunck, R. Angus Smith, and H. E. Roscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chemistry in the South Lancashire District;— 
Dr. J. Hunt, on Ethno-Climatology ; or, the Acclimatization of Man ; — Prof. J. Thomson, on 
Experiments on the Gauging of Water by Triangular Notches; — Dr. A. Voelcker, Report on 
Field Experiments and Laboratory Researches on the Constituents of Manures essential to 
cultivated Crops ; — Prof. H. Hennessy, Provisional Report on the Present State of our Know- 
ledge respecting the Transmission of Sound-signals during Fogs at Sea; — Dr. P. L. Sclater 
and F. von Ilochstetler, Report on the Present State of our Knowledge of the Birds of the 
Genus Apteryx living in New Zealand J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the 
British Isles Prof. J. Phillips, Contributions to a Report on the Physical Aspect of the 
Moon;— W. R. Birt, Contribution to a Report on the Physical Aspect of the Moon;— Dr. 
Collingwood and Mr. Byerley, Preliminary Report of the Dredging Committee of the Mersey 
and Dee; — Third Report of the Committee on Steamship Performance; — J. O. JeffVeys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animals 
in our Ships and Harbours; — R. Mallet, Report on the Experiments made at Holyhead to 
ascertain the Transit-Velocity of Waves, analogous to Earthquake Waves, through the local 
Rock Formations ; — T. Dobson, on the Explosions in British Coal-Mines during the year 1869; 
—J. Oldham, Continuation of Report on Steam Navigation at Hull; — Professor G. Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ; — Professor Owen, on the 
Psychical and Physical Characters of tlie Mincopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated to other Races of Mankind ; — Colonel Sykes, Report of the 
Balloon Committee ; — Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England; — Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ; — W. Fairbairn, on the Resistance of Iron Plates to Statical Pressure and 
the Force of Impact by Projectiles at High Velocities ; — W. Fairbairn, Continuation of Report 
to determine the effect of Vibratory Action and long-continued Changes of Load upon 
Wrought-Iron Girders ; — Report of the Committee on the Law of Patents ;— Prof. H, J. S> 
Smith, Report on the Theory of Numbers, Part III. 

Together with the Transactions of the Sections, Mr. Fairbairn’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published al£l. 

Contents : — James Glaisher, Report on Observations of Luminous Meteors, 1861-62 ; — 
G. B. Abry, on tlie Strains in the Interior of Beams ;— Archibald Smith and P. J* Evans, 
Report ou the three Reports of the Liverpool Compass Committee ;— Report on Tidal Ob- 
servations on the Humber T. Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armonr-plate Defences ,— Extracts, relating to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A. de Souza H. T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank ; — Dr. Cuthbert ColUngw 
wood. Report upon the best means of advancing Science through the agency of the Meretii- 
tile Marine; — Messrs. Williamson, Wheatstone, Thomson, Miller, Mattfaiessen, and Jonkiii, 
Provisional Report on Standards of Electrical Resistance ; — ^Prdindnary Report of th« Com- 
mittee for investigating the Chemical and ifineralogical Composition of the Gnmitei iff Do- 
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hc;i;al ;-^Prof. H. Hennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather ; — Report of Committee on the application 
of Gauss's General Theory of Terrestrial Magnetism to the Magnetic Variations ; — Fleeming 
Jenkin, on Thermo-electric Currents in Circuits of one Metal ; — W. Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities; — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Prof. G. G. Stokes, Report 
on Double Refraction -Fourth Report of the Committee on Steamship Performance 
G. J. Symons, on the Fall of Rain m the British Isles in 1860 and 1861 ; — J. Ball,onTher- 
raometric Observations in the Alps j— J. G. Jeffreys, Report of the Committee for Dredging 
on the N. and E. Coasts of Scotland ; — Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ; — James Glaisher, Account of Eight Balloon Ascents in 1862 ; — 
Prof. H. J. S. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS op the THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 1863, Published at £\ 5s, 

Contents : — Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
poses; — A. Matthiessen, Report on the Chemical Nature of Alloys; — Report of the Com- 
mittee on the Chemical and Mineralogical Constitution of the Granites of Donegal, and on 
the Rocks associated with them; — J. G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge ; — G, D. Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ;— C. K. Aken, on the Transmutation of 
Spectral Rays, Part I. ; — Dr. Robinson, Report of the Committee on Fog Signals ; — Report 
of the Committee on Standards of Electrical Resistance ; — E. Smith, Abstract of Report by 
the Indian Goveinment on the Foods used by the Free and Jail Populations in India ; — A. 
Gages, Synthetical Researches on the Formation of Minerals, &c. ; — R. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of SaturatioiT, and Velocity of the issuing Gases and Vapours ; — Report 
of the Committee on Observations of Luminous Meteors ; — Fifth Report of the Committee 
on Steamship Performance ; — G. J. Allman, Report on the Present State of our Knowledge 
of the Reproductive S)8tem in the Hydroida; — J. Glaisher, Account of Five Balloon Ascents 
made in 1863; — P. P. Carpenter, Supplementary Report on the Present State of our Know- 
ledge with regard to the Mollusca of the West Coast of North America; — Professor Airy, 
Report on Steam-boiler Exjilosions; — C. W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under Pressures up to 300 Atmo- 
spheres; — C. M. Palmer, on the Construction of Iron Ships and the Progress of Iren Ship- 
building on the Tyne, Wear, and Tees ; — Messrs. Richardson, Stevenson, and Clapham, on 
the Chemical Manufactures of the Northern Districts; — Messrs. Sopwith and Richardson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. ; — Messrs. Daglish and 
Forster, on the Magnesian Limestone of Durham I. L. Bell, on the Manufacture of Iron 
in connexion with the Northumberland and Durham Coal-field; — T. Spencer, on the Manu- 
facture of Steel in the Northern District; — H, J. S. Smith, Report on the Theory of Num- 
bers, Part V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath, 
September 1864*, Published at 18^. 

Contents i—Report of the Committee for Observations of Luminous Meteors ;— Report 
of the Committee on the best means of providing for a Uniformity of Weights and Mea- 
sures; — T. S. Cobbold, Report of Experiments respecting the Development and Migration 
of the Entozoa ; — B. W. Richardson, Report on the Physiological Action of Nitrite of Amyl; 
— J. Oldham, Report of the Committee on Tidal Observations; — G. S. Brady, Report on 
deep-sea Dredging on the Coasts of Northumberland and Durham in 1864; — J. Glaisher, 
Account of Nine Balloon Ascents made in 1863 and 1864 ; — J. G. Jeffreys, Further Report 
on Shetland Dredgings; — Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire Coal-field; — Report of the Committee on Standards of 
Electrical Resistance; — G. J. Symons, on the Fall of Rain in Uie British Isles in 1862 and 
1863 W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell’s Address, and Recom- 
mendatihns of the Association and its Committees. 
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PROCEEDING'S op the THIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £l Ss, 

CONTENTS! — J.G. Jeffreys, Report on Dred^ng among the Channel Isles;—?. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods ; — Report of the 
Committee for exploring Kent's Cavern ; — Report of the Committee on Zoological Nomen- 
clature;— Report on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field; — Report on the Marine Fauna and Flora of the South Coast of Devon and Corn- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies ; — Re- 
port on Observations of Luminous Meteors ; — Report on Dredging on the Coast of Aberdeen- 
shire; — J. Glaisher, Account of Three Balloon Ascents ; — Interim Report on the Transmis- 
sion of Sound under Water; — G. J. Symons, on the Rainfall of the British Isles; — ^W. Fair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships ; 
— Report of the Gun-Cotton Committee ; — A. F. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ; — B. W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds ; 
— Report on further Researches in the Lingula-flags of South Wales; — Report of the Lunar 
Committee for Mapping the Surface of the Moon ; — Report on Standards of Electrical Re- 
sistance ;— Report of the Committee appointed to communicate with the Russian Govern- 
ment respecting Magnetical Observations at Tiflis ; — Appendix to Report on the Distribution 
of the Vertebrate Remains from the North Staffordshire Coal-field; — H. Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea ; — H. J. S. Smith, Report 
on the Theory of Numbers, Part VL; — Report on the best means of providing for a Unifor- 
mity of Weights and Measures, with reference to the interests of Science ; — A. G. Findlay, 
on the Bed of the Ocean; — Professor A. W. Williamson, on the Composition of Gases 
evolved by the Bath Spring called King’s Bath. 

Together with the Transactions of the Sections, Professor Phillips's Address, and Recom- 
mendations of the Association and its Committees. 


PEOCEEDINGS of the THIETT-8IXTH MEETING, at Nottmg- 
bam, August 1866, Published at £1 45. 

Contents: — Second Report on Kent’s Cavern, Devonshire ; — A. Matthiessen, Preliminary 
Report on the Chemical Nature of Cast Iron ;— Report on Observations of Luminous Meteors ; 
— W. S. Mitchell, Report on the Alum Bay Leaf-bed Report on the Resistance of Water 
to Floating and Immersed Bodies; — Dr. Norris, Report on Muscular Irritability; — Dr. 
Richardson, Report on the Physiological Action of certain compounds of Amyl and Ethyl; — 
H. Woodward, Second Report on the Structure and Classification of the Fossil Crustacea ; — 
Second Report on the “ Menevian Group," and the other Formations at St. David's, Pem- 
brokeshire ; — J. G. Jeffreys, Report on Dredging among the Hebrides ; — Rev. A. M. Norman, 
Report on the Coasts of the Hebrides, Part II.; — J. Alder, Notices of some Invertebrata, in 
connexion with Mr. Jeffreys’s Report ; — G. S. Biady, Report on the Ostracoda dredged 
amongst the Hebrides; — Report on Dredging in the Moray Firth ; — Report on the Transmis- 
sion of Sound-Signals under Water ;— Report of the Lunar Committee ; — Report of the 
Rainfall Committee ;— Report on the best means of providing for a Uniformity of Weights 
and Measures, with reference to the Interests of Science ; — J Glaisher, Account of Three Bal- 
loon Ascents /—Report on the Extinct Birds of the Mascarenc Islands Report on the pene- 
tration of Iron-clad Ships by Steel Shot;— J. A. Wanklyn, Report on Isomerism among the 
Alcohols Report on Scientific Evidence in Courts of Law;— A. L. Adams, Second Report 
on Maltese Fossiliferous Caves, &c. 

Together with the Transactions of the Sections, Mr. Grove’s Address, and Recommendations 
of the Association and its Committees. 


PEOCEEDINGS of the THIETY-SEVENTH MEETING, at 
Dundee, September 1867, Published at £1 6s, 

Contents:— Report of the Committee for Mapping the Surface of the Moon Third 
Report on Kent's Cavern, Devonshire ;— On the present State of the Manufacture of Iron 
in Great Britain Third Report on the Structure end Classification of the Fossil Crustacea; 
— Bcrort on the Physiological Action of the Methyl Compounds Preliminary Report on 
the Exploration-of the Plant-Beds of North Greenland ;— Report of the Steamship Perform- 
ance Committee On the Meteorology of Port Louis in the Island of Mauritius *Oii the 
tonstroction and Works of the Highland Railway Experimental Reiearchei on the Mo- 



chAuicsl Pr<^ert!ea of Steel ;-~Heport on the Merine Fauna and Flora of the South Coast of 
Devon and Cornwall ; — Supplement to a Keport on the Extinct Didine Birds of the Masoa- 
rene Islands Eeport on Observations of Luminous Meteors; — Fourth Report on Dredging 
among the Shetland Isles Preliminary Report on the Crustacea, &c., procured by the 
Shetland Dredging Committee in 1867; — Report on the Foraminifera obtained in the Sbet« 
land Seas;-— Second Report of the Rainfall Committee i—Report on the best means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests of 
Science ; — Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 


PEOCEEDINGS of the THIETT-EIGHTH MEETING, at Nor- 
wich, August 1868, Published at £1 5s, 

Contents : — Report of the Lunar Committee; — Fourth Report on Kent’s Cavern, Devon- 
shire ; — On Puddling Iron Fourth Report on the Structure and Classification of the 
Fossil Crustacea ; — Report on British Fossil Corals; — Report on Spectroscopic Investigations 
of Animal Substances;— Report of Steamship Performance Committee ; — Spectnira Analysis 
of the Heavenly Bodies; — On Stellar Spectrometry; — Report on the Physiological Action of 
the Methyl and allied Compounds; — Report on the Action of Mercury on the Biliary 
Secretion ; — Last Report on Dredging among the Shetland Isles; — Reports on the Crustacea, 
&c., and on the Annelida and Foraminifera from the Shetland Dredgings Report on the 
Chemical Nature of Cast Iron, Part I. ; — Interim Report on the Safety of Merchant Ships 
and their Passengers ; — Report on Observations of Luminous Meteors ; — Preliminary Report 
on Mineral Veins containing Organic Remains ; — Report on the desirability of Explorations 
between India and China; — Report of Rainfall Committee Report on Synthetical Re- 
searches on Organic Acids ; — Report on Uniformity of Weights and Measures ; — Report of the 
Committee on Tidal Observations ; — Report of the Committee on Underground Temperature ; 
—Changes of the Moon’s Surface ; — Report on Polyatomic Cyanides. 

Together with the Transactions of the Sections, Dr. Hooker’s Address, and Recommenda- 
tions of the Association and its Committees. 


PEOCEEDINGS of the THIETY-NINTH MEETING, at Exeter, Au- 
gust 1869, PuUislml at £1 28, 

Contents Report on the Plant-beds of North Greenland ; — Report on the existing 
knowledge on the Stability, Propulsion, and Sea-going Qualities of Ships Report on 
Steam-boiler Explosions ; — Preliminary Report on the Determination of the Gases existing 
in Solution in Well-waters ; — The Pressure of Taxation on Real Property ; — On the Che- 
mical Reactions of Light discovered by Prof. Tyndall On Fossils obtained at Kiltorkan 
Quarry, co. Kilkenny ; — Report of the Lunar Committee ; — Report on the Chemical Na- 
ture of Cast Iron ; — Report on the Marine Fauna and Flora of the south coast of Devon 
and Cornwall; — Report on the Practicability of establishing “ a Close Time” for the Protec- 
tion of Indigenous Animals Experimental Researches on the Mechanical Properties of 
Steel; — Second Report on British Fossil Corals; — Report of the Committee appointed to 
get cut and prepared Sections of Mountain-limestone Corals for Photographing;— Report on 
the rate of Increase of Underground Temperature ; — Fifth Report on Kenrs Cavern, De- 
vonshire; — Report on the Connexion between Chemical Constitution and Physiological 
Action ; — On Emission, Absorption, and Reflection of Obscure Heat ; — Report on Obser- 
vations of Luminous Meteors ; — Report on Uniformity of Weights and Measures ; — Report on 
the Treatment and Utilization of Sewage ; — Supplement to Second Report of the Steam- 
ship-Performance Coramitteei — Report on Recent Progress in Elliptic and Hyperelliptic 
Functions ; — Report on Mineral Veins in Carboniferous Limestone and their Organic Con- 
tents; — Notes on the Foraminifera of Mineral Veins and the Adjacent Strata; — Report of 
the Rainfall Committee ; — Interim Report on the Laws of the How and Action of Water 
containing Solid Matter in Suspension; — Interim Report on Agricultural Machinery; — 
Report on the Physiological Action of Methyl and Allied Scries ;— On the Influence of 
Form considered in Relation to the Strength of Railway-axles and other portions of Miebi- 
liery subjected to Rapid Alterations of Strain ; — On the Penetration of Armour-plates wi^ 
Long Shells of Large Capacity fired obliquely ;^Report on Standardsof Electrical Resistance. 

Together with the Transactions of the Sections, Prof. Stokes’s Address, and Become 

tM^limiltions of the Asiociation and its Committees* 



PEOCEEDINGS op the EOETIETH MEETING, at Septem- 

ber 1870, Published at I 85 . 

Contents Report on Steam-boiler Explosion# Beport of the Committee on the 
Haematite Iron-ores of Great Britain and Ireland Report on the Sedimentary Deposits of 
the River Onny ;--Report on the Chemical Nature of Cast Iron {—Report on the practica- 
bility of establishing “A Close Time” for the protection of Indigenous Animals ; — Report 
on Standards of Electrical Resistance;— Sixth Report on Kent’s Cavern ; — Third Report on 
Underground Temperature {—Second Report of the Committee appointed to get cut aud 
prepared Sections of Mountmn-Limestone Corals {—Second Report on the Stability, Pro- 
pulsion, and Sea-going Qualities of Ships {—Report on Earthquakes in Scotland {—Report 
on the Treatment and Utilization of Sewage ; — Report on Observations of Luminous Me- 
teors, 1869-70 {—Report on Recent Progress in Elliptic and Hyperelliptic Functions { — 
Report on Tidal Observations ; — On a new Steam-power Meter ; — Report on the Action of 
the Methyl and Allied Series ; — Report of the Rainfall Committee ; — Report on the Heat 
generated in the Blood in the process of Arterialization ; — Report on the best means of 
providing for Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Prof. Huxley’s Address, and Recommen- 
dations of the Association and its Committees. 


PEOCEEDINGS of the FORTY-FIRST MEETING, at Edinburgh, 
August 1871j Published at 16s. 

Contents; — Seventh Repoit on Kent’s Cavern {—Fourth Report on Underground Tem- 
perature; — Report on Obsen^ations of Luminous Meteors, 1870-71 ; — Fifth Report on the 
Structure and Classification of the Fossil Crustacea ; — Report for the purpose of urging on 
Her Majesty’s Government the expediency of arranging and tabulating the results of the 
approaching Census in the three several parts of the United Kingdom in such a manner as 
to admit of ready and effective comparison ; — Report for the purpose of Superintending the 
publication of Abstracts of Chemical papers; — Report of the Committee for discussing 
Observations of Lunar Objects suspected of change ; — Second Provisional Report on the 
Thermal Conductivity of Metals ; — Report on the Rainfall of the British Isles ; — Third 
Report on the British Fossil Corals ; — Report on the Heat generated in the Blood during the 
process of Arteriahzation ; — Report of the Committee appointed to consider the subject of 
physiological Experimentation;— Report on the Physiological Action of Organic Chemical 
Compounds; — Report of the Committee appointed to get cut and prepared Sections of 
Mountain-Limestone Corals ; — Second Report on Steam-Boiler Explosions ; — Report on the 
Treatment and Utilization of Sewage ; — Report on promoting the Foundation of Zoological 
Stations in different parts of the World ; — Preliminary Report on the Thermal Equivalents of 
the Oxides of Chlorine ; — Report on the practicability of establishing a “Close Time” for 
the protection of Indigenous Animals ; — Report on Earthquakes in Scotland ; Report on 
the best means of providing for a Uniformity of Weights and Measures ; — Report on Tidal 
Observations. 

Together with the Transactions of the Sections, Sir William Thomson’s Address, and 
Recommendations of the Association and its Committees. 

PEOCEEDINGS or the EOETY- SECOND MEETING, at 
Brighton, August 1872, Published at £1 4^. 

Contents : — Report on the Gaussian Constants for the Year 1829 {—Second Suppletnen 
tary Report on the Extinct Birds of the Mascarene Islands ; — Report of the Committee for 
Superintending the Monthly Reports of the Progress of Chemistry ; — Report of the Com- 
mittee on the best means of providing for a Uniformity of Weights and Measures ; — Eighth 
Report on Kent’s Cavern ; — Report on promoting the Foundation of Zoological Station# in 
different parts of the World ; — Fourth Report on the Fauna of South Devon ; — Preliminary 
Report of the Committee appointed to Construct and Print Catalogues of Spectral Ray# 
arranged upon a Scale of Wave-numbers;— Third Report on Steam-Boiler Explosion#; — 
Report on Observations of Luminous Meteors, 1871->72{ — Experiment# on the Surface- 
friction experienced by a Plane moving through water;— Report of the Committee on the 
Antagonism between the Action of Active Substance# {—Fifth Report on Undernound 
Temperature; — Preliminary Report of the Committee on Siemens’s Electrical-Resistance 
Pyrometer;— Fourth Report on the Treatment and Utilization of Sewage; — Interim Report 
of the Committee on Instrument# for Measuring the Speed of Ships and Currents; — Re^rt 
on the Rainfall of the British Isles; — Report of the Committee on a Geographical Explore- 
tion of the Country of Moah;— Sur F^limination des Fonction# Arbitraire# {—Report on the 
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Discovery of Fossils in certain remote parts of the North-western Highlands ; — ^Report of the 
Committee on Earthquakes in Scotland ; — Fourth Report on Carboniferous- Limestone Corals ; 
— Report of the Committee to consider the mode in which new Inventions and Claims for 
Reward in respect of adopted Inventions are examined and dealt with by the different 
Departments of Government; — Report of the Committee for discussing Observations of 
Lunar Objects suspected of change Report on the Mollusca of Europe Report of the 
Committee for investigating the Chemical Constitution and Optical Properties of Essential 
Oils Report on the practicability of establishing a “ Close Time ” for the preservation 
of indigenous animals ; — Sixth Report on the Structure and Classification of Fossil Crustacea ; 
— Report of the Committee to organize an Expedition for observing the Solar Eclipse of Dec. 
12, 1871 ; Preliminary Report of a Committee on Terato-embryological Inquiries; — Report 
on Recent Progress in Elliptic and HyperelUptic Functions ;— Report on Tidal Observations ; 
— On the Brighton Waterworks ; — On Amsler^s Planimeter. 

Together with the Transactions of the Sections, Dr. Carpenter’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS of the FORTY- THIRD MEETING, at Bradford, 
Beptember 1873, Pahlished at £1 5s. 

Contents : — Report of the Committee on Mathematical Tables ; — Observations on the 
Application of Machinery to the cutting of Coal in Mines; — Concluding Report on the 
Maltese Fossil Elephants j — Report of the Committee for ascertaining the existence in diffe- 
rent parts of the United Kingdom of any Erratic Blocks or Boulders ; — Fourth Report on 
Earthquakes in Scotland ; — Ninth Report on Kent’s Cavern ; — On the Flint and Chert Imple- 
ments found in Kent’s Cavern ; — Report of the Committee for investigating the Chemical 
Constitution and Optical Properties of Essential Oils ; — Report of inquiry into the Method of 
making Gold-assays ; — Fifth Report on the Selection and Nomenclature of Dynamical and 
Electrical Units ; — Report of the Committee on the Labyrinthodonts of the Coal-measures ; 
— Report of the Committee to construct and print Catalogues of Spectral Rays ; — Report 
of the Committee appointed to explore the Settle Caves ; — Sixth Report on Underground 
Temperature; — Report on the Rainfall of the British Isles ; — Seventh Report on Researches 
in Fossil Crustacea; — Report on Recent Progress in Elliptic and Hyperelliptic Functions; — 
Report on the desirability of establishing a “ Close Time” for the preservation of indigenous 
animals ; — Report on Luminous Meteors;— On the visibility of the dark side of Venus; — 
Report of the Committee for the foundation of Zoological Stations in different parts of the 
world ; — Second Report of the Committee for collecting Fossils from North-western Scot- 
land ; — Fifth Report on the Treatment and Utilization of Sewage ; — Report of the Com- 
mittee on Monthly Reports of the Progress of Chemistry ; — On the Bradford Waterworks ;— 
Report on the possibility of Improving the Methods of Instruction in Elementary Geometry ; 
— Interim Report of the Committee on Instruments for Measuring the Speed of Ships, &c. ; 
— Report of the Committee for Determinating High Temperatures by means of the Refran- 
gibilityof Light, evolved by Fluid or Solid Substances; — On a periodicity of Cyclones and 
Rainfall in connexion with Sun-spot periodicity ; — Fifth Report on the Structure of Carbo- 
niferous-Limestone Corals; — Report of the Committee on preparing and publishing brief 
forms of Instructions for Travellers, Ethnologists, &c. ; — Preliminary Note from the Com- 
mittee on the Influence of Forests on the Rainfall ; — Report of Sub-Wealden Exploration 
Committee ; — Report of the Committee on Machinery for obtaining a Record of the Rough- 
ness of the Sea and Measurement of Waves near shore; — Report on Science-Lectures and 
Organization ; — Second Report on Science-Lectiues and Organization. 

Together with the Transactions of the Sections, Professor A. W. Williamson’s Address, 
and Recommendations of the Association and its Committees. 

PROCEEDINGS of the FORTY-FOURTH MEETING, at Belfast, 
August 1874, Published at £1 5$, 

Contents : — Tenth Report on Kent’s Cavern ;— Report for investigating the Chemical 
Constitution and Optical Properties of Essential Oils ; — Second Report of the Sub-Wealden 
Exploration Committee; — On the Recent Progress and Present State of Systematic Botany; 
— Report of the Committee for investigating the Nature of Intestinal Secretion ; — Report of 
the Committee on the Teaching of Physics in Schools Preliminary Report for investiga- 
ting Isomeric Cresols and their derivatives ; — Third Report of the Committee for Collecting 
Fossils from localities in North-Western Scotland; — Report on the Rainfall of the British 
I&les On the Belfast Harbour ; — Report of inquiry into the Method of making Gold- 
assays Report of a Committee on Experiments to determine the Thermal Conductivities 
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of certain Keeks; — Second Report on the Exploration of the Settle Caves; — On the Indus- 
trial uses of the Upper Banii river ;— Report of the Committee on the Structure and Clas- 
sification of the Labyrinthodonts ; — Second Report of the Committee for recording the 
position, height above the sea, lithological characters, size, and origin of the Eiiatic Blocks 
of England and \\ale8, &c. ; Sixth Report on the Treatment and Utilization of Sewage; — 
Report on the Anthropological h'otes and Queries for the use of Travellers ;— On Cyclone 
and Rainfall Periodicities Fifth Report on Earthquakes in Scotland; — Report of the 
Committee to prepare and print Tables of Wa\e-nunibers; — Report of the Committee for 
testing the new Pyrometer of Mr. Siemens ;— Repoit to the Lords Commissioners of the 
Aomiralty on Experiments for the Determination of the Fnctioiial Resistance of Water on 
a Surface &c. ;— Second Report for the Selection and ^omenclature of Dynamical and 
Electneal Units;— On Instruments for measuring the Speed of Ships ;— Report of the 
Committee on llie possibility of establishing a “ Close time for the Protection of Indige- 
nous Animals; — Report of the Coniiniltee to inquire into the economic effects of Combina- 
tions of Labourers and Capitalists Preliminary Report on Dredging on the Coasts of 
Durham and North Yorkshire; — Report on Luminous Meteors ;— Report on the best means 
of providing for a Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Professor John Tyndall’s Address, and 
Eect mmendations of the Association and its Committees. 
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1854. ITurndull, James, M.D. 80 Rodney-street, Liverpool. 

1855. STumbuU, John. 37 West George-street, Glasgow. 

1866. tTumbull, Rev. J. C. 8 Bays-hill-viHas, Cheltenham. 

•Turnbull, Rev. Thomas Smith, M.A., F.R.S., F.G.S., F.R.G.S. 
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1861. *Whitehead, Peter Ormerod. Belmont, Rawtenstall, Manchester. 

1855. *Whitehoii8e, Wildeman W. O. 12 Thurlow-road, Hampstead, 

London, N.W. 
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illustrations Post 8vo, 7s 6d 

Specimens of the Table-Talk 

of Samuel Taylor Coleridge. Por- 
trait Fcap 8vo, 3s 6d 

The Remains in Prose and 

Verse of Arthur Hallam With Memoir. 
Portrait Fcap 8vo, 3s 6d 

Self-Help. With Illustrations 

of Conduct and Perseverance By 
Samuel Smiles Small 8vo, 6s 

Character. A Companion 

to ‘ Self-Help * By Samuel Smiles. 
Small 8vo, 6s 

Thrift. A Sequel to “Self-Help” 

and “ Character.” By Samuel Smiles 
Post 8vo, 6s 

Notes of Thought. By the 

late Charles Buxton With a Biogra- 
phical Sketch By Rev L Davies Por- 
trait Crown 8vo, los 6d 

Sketches of Old Times and 

Distant Places By Archdeacon 
Sinclair Crown 8vo, 9s 

Mottoes for Monuments; or, 

Epitaphs selected for General Study and 
Application By Mrs Palliser, Il- 
lustrations Crown 8vo, 7s 6d 

Words of Human Wisdom. 

Collected and Arranged byJE S. With 
Preface by Canon Liddon. Fcap 8vo, 
3s 6d 

The T ale of Frithiof. By Esaias 

Tegner Translated from the Swedish 
by Capt Spalding Post 8vo, 7s 6d 

.^sop's Fables. A new Ver- 
sion With Histoncal Preface- By Rev. 
Thomas James Woodcuts. PostSvo, 

2S 6d 

Letters from Rome. By Rev. 

J W Burgon. Post 8vo, 12s 

Letters from the Baltic By a 

Lady. Post 8vo, 2s. 

Literary Essays from the 

‘Times’ By Samuel Phillips. Por- 
trait. 2 vols fcap. 8vo, 7s 

Rejected Addresses. By James 

and Horace Smith. Woodcuts. Post 
8vo, 3s. 6d. ; or fpap. 8vo, is. 

iTispings from Low Latitudes ; 

or, the Journal of the Hon Impulsia 
Gushington. Edited by Lord Duffsezn. 
Plates. 4to, axs. 




in Poetry and the Drama, 


23 


Puss in Boots. With Illus- 
trations. By Otto Specktkr. i6nio, 
IS. 6d. , or coloured, 2s 6d. 

An English Grammar. Metho- 
dical, Analytical, and Historical With 
a Treatise on the Orthography, Prosody, 
Inflections, and Syntax of the English 
Tongue. By Professor Maetzner 
Translated by C J Grece, LL B, 3 
vols. 8vo, 36s. 


POETRY, the 

The Prose and Poetical Works 

of ^Lord Byron With Notes by 
Scott, Jeffrey, Wiison, Gipford, 
Crabbe, Heber, Lockhart, etc etc 
and Notices of his Life By Thomas 
Moore Illustrations 2 vols royal 8vo, 

15s- 

Poetical Works of Lord Byron. 

Library edition Portrait 6 vols 8vo, 

45s 

Poetical Works of Lord Byron. 

Cabinet Edition Plates 10 vols. fcap 
8vo, 30s 

Poetical Works of Lord Byron. 

Pocket Edition 8 vols bound and in a 
case i8mo, 2 is. 

Poetical Works of Lord Byron. 

Popular edition Plates Royal 8vo, 
7s 6d 

Poetical Works of Lord Byron. 

Pearl Edition Post 8vo, 2s 6d 

Childe Harold. By Lord Byron. 

80 Engravings Crown 8vo, 12s 

Childe Harold. By Lord Byron. 

2S 6d., IS , and 6d each. 

Tales and Poems. By Lord 

Byron 24mo, 2s 6d 

Miscellanies. By Lord Byron. 

a vols a4mo, 5s 

Dramas. By Lord Byron. 

2 vols 24ino, 5s « 

Don Juan and Beppo. By 

Lord Byron 2 vols 24mo, 5s 

Beauties of Byron. Prose and 

Verse. Portrait. Fcap 8vo, 3s 6d 

Oliver Goldsmith’s Works, edit- 

ed bv Peter Cunningham Vignettes. 

4 vols. 8vo, 30s. 

Pastoral Colloquies on the 

South Downs — Prophecy and Miracles. 
By Canon Selwyn, D.D. Small 4to, 
6s. 


Shall and Will ; or, Future 

Auxiliary Verbs. By Sir Edmund Head. 
Fcap 8vo, 4s. 

Romano Lavo-Lil ; Word-Book 

of the Romany, or English Gypsy Lan- 
guage , with many pieces in Gypsy illus- 
trative of the English Gypsies , with 
specimens of their Poetry, and an Account 
of certain Gypsynes By George Bor- 
row Post 8 VO, 10s. 6d 


DRAMA, ETC. 


The Vaux-de-Vire of Maistre 

Jean le Houx, Advocate of Vire Trans- 
lated by J P Muikhead Illustrations. 
8vo 

Lives of Eminent English Poets. 

By Samuel Johnson Edited by 
Peter Cunningham 3 vols 8vo, 
22s 6d 

Life and Poetical Works of 

Rev George Crabbe Plates, royal 
8vo, 7s 

Life and Works of Alexander 

Pope Edited by Rev W. Elwin. 
Portraits vols 1 to 5 8vo, los. 6d each. 

Iliad of Homer. Translated 

into English blank verse By the Earl 
of Derby 2 vols post 8vo, los. 

Poetical Works of Bishop 

Heber Portrait Fcap 8vo, 3s 6d. 

Hymns adapted to the Church 

Service. By Bishop Heber i6mo, is 6d. 

The Sonnet; its Origin, Struc- 
ture, and Place in Poetry With Trans- 
lations from Dante and Petrarch By 
Charles Tomlinson Post 8vo, 9s. 

Poetical Works of the late 

Dean Milman Plates. 3 vols. Fcap. 
8vo, 1 8s ' 

The Fall of Jerusalem. By 

Dean Milman Fcap. 8vo, is. 

Horace. Illustrated with loo 

Woodcuts. Post 8vo, 7s. 6d. 

Ancient Spanish Ballads. 

Historical and Romantic. Translated 
by J. G Lockhart Woodcuts. Crown 
8vo, 5s. 

Remains in Prose and Verse of 

Arthur Hallam With Memoir. Por- 
trait Fcap 8vo, 3s. 6d. 

Rejected Addresses. By James 

and Horace Smith. With Biographical 
Notices. Portraits. Post 8vo, 3s. 6d., or 
fcap. 8vo, IS. 
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An Essay on English Poetry. 

With short lives of the British Poets By 
Thomas Campbell. Post 8vo, 3s, 6d 

Poems and Fragments of Ca- 
tullus. Translated in the Metres of the 
Original By Robinson Ellis 16010,55 

The Poetical Works of Lord 

Houghton New Edition 2 vols fcap 
8vo. 


Gongora’s Poetical Works. 

With an Historical Essay on the Age of 
Philip III ana IV of Spain. By .^ch- 
deacon Churton Portrait 2 vols small 

8 V 0 , I 2 S 

The Poetical Remains of the 

late Archdeacon Churton Post 8vo. 

A Lay to the Last Minstrel. 

Inscribed to the Memory of Sir Walter 
Scott By Archdeacon Churton. Fcap 
8vo, 6d 


NAVAL AND MILITARY WORKS. 


The Army List. (Published 

by Authority ) With an Alphabetical 
Index Monthly i6mo, 2s. 

The Navy List. (Published 

by Authority ) Quarterly, i6mo, 3s 
Monthly, is 6d 

The Nautical Almanack. (Pub- 

lished by Authority ) 8vo, 2s 6d 

Hart’s Army List. (Published 

Quarterly and Annually ) 8vo, 10s 6d 

The Admiralty Publications, 

issued by direction of the Lords Commis- 
sioners of the Admiralty 

The Admiralty Manual of 

Scientific Enquiry, for the use of Tra- 
vellers Edited by Sir J Herschel. 
and Robert Main Woodcuts Post 
8vo, 3s 6d 

A Dictionary of Naval and 

Military Technical Terms English- 
French, French- English By Colonel 
Burn. Crown 8vo, 15s. 

Shipbuilding in Iron and Steel ; 

a Practical Treatise, giving full details of 
Construction, Processes of Manufacture, 
and Building Arrangements, with Results 
and Experiments on Iron and^ Steel, and 
on the Strength and Watertightness of 
riveted work. By E. J. Reed, C.B. 
Illustrations. 8vo. 

Modem Warfare as Influenced 

by Modem Artillery By Col. P. L 
Macdougall. Plans. Post 8vo, zas. 

Naval Gunnery; for the Use 

of Oflpicers and the Training of Seaman 
Gunners By Sir Howard Douglas. 

8 V 0 , 2ZS 

The Principle and Construction 

of Militpy Bridges, and on Passage of 
Rivers in Military Operations. By Sir 
Howard Douglas. Plates. 8vo, szs. 


The Royal Engineer and the 

Royal Establishments at Woolwich and 
Chatham By Sir Francis B Head. 
Illustrations 8vo, 12s 

Our Ironclad Ships : their 

Qualities, Performances, and Cost, includ- 
ing Chapters on Turret Ships, Ironclad 
Rams, etc By E J Reed, C.B. Illus- 
trations 8 VO, 1 2S 

The Principles and Practice of 

Modern Artillery, including Artillery 
Material, Gunnery, and Organisation and 
Use of Artillery in Warfare By Lieut - 
Col C H Owen Illustrations 8vo, 
15s 

The Administration of Justice 

under Military and Martial Law, as 
applicable to the Army, Naval, Marine, 
and Auxiliary Forces By Charles M. 

ClODE 8vO, I2S 

History of the Administration 

and Government of the British Army from 
the Revolution of 1688. ByC. M. Clode. 
2 vols 8vo, 21S. each. 

Constitution and Practice of 

Courts-Martial, with a Summary of the 
. Law of Evidence, and some Notice of the 
Criminal Law of England with reference 
to the Trial of Civil Offences. By Capt 
T. F Simmons, R.A. 8vo, zss. 

Origin and History of the First 

or Grenadier Guards, from Docu- 
ments in the State Paper Office, War 
Office, Horse Guards, Contemporary 
History, Regimental Records, etc. By 
Sir F. W. Hamilton. Illustrations. 3 
vols. 8vo, 63s. 

History of the Royal Artil- 

Icry. Compiled from the Original Re- 
cords By M^jor Francis Duncan. 

2 vols. 8vo, 30s. 
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Young Officer’s Companion ; 

or, Essays on Military Duties and Quali* 
ties, with Examples and Illustrations 
from History. By Lord De Ros. Post 
8vo, 9s 

Lives of the Warriors of the 

Seventeenth Century By Gen Sir 
Edward Cust 6 vols post 8vo 
1st Series — The Thirty Years^ War, 
1600-48 2 vols 16s Series — ^The 

Civil Wars of France and England, 


1611-75. 2 vols i6s. Series. — Com- 

manders OP Fleets and Armies, 1648- 
X704 2 vols x8s 

Deeds of Naval Daring ; or, 

Anecdotes of the British Navy. By 
Edward Giffard Fcap 8vo, 3s. 6d. 

Annals of the Wars of the 

x8th and 19th Centuries, 1700-1815. Com- 
piled from the most Authentic Histones 
of the Penod. By Gen Sir E CusT. 
Maps. 9 vols. fcap. 8vo, 5s each. 


RURAL AND DOMESTIC 


Trees and Shrubs, Native and 

Foreign, which will flourish in the Open 
Air ill our Climate , with Classified Lists 
of the several Species By A Mon- 
GREDien Illustrations 8vo, i6s 

Plain Instructions in Gardening ; 

with a Calendar of Operations and Di- 
rections for every Month By Mrs. 
Loudon Woodcuts. Fcap 8vo, 3s 6d 

A Geographical Handbook of 

Ferns By K M. Lyell. Post 8vo, 
7s. 6d 

Alpine Flowers for English 

Gardens How they may be grown in 
all parts of the British Islands By W. 
Robinson. Illustrations Crown 8vo, 12s 

Portraits of the Most Beautiful 

Alpine Flowers, in a Senes of Coloured 
Specimens. Selected by W, Robinson, 
F.LS With 50 Plates Crown 8 vo 

Sub -Tropical Garden ; or, 

BeauW of Form in the Flower Garden, 
with Illustrations of all the finer Plants 
used for this purpose. ByW Robinson 
Illustrations Small 8vo, 7s 6d 

Wild Garden ; or, How to 

make our Grovesfand Shrubberies beauti- 
ful by the Naturalisation of Hardy Exotic 
Plants. ByW Robinson Crown 8vo,6s. 

The Clematis as a Garden 

Flower. With Descnptions of the hardy 
Ornamental Species and Vaneties By 
Moore and Jackman. Illustrations. 8vo, 
10s 6d. 

Art of Dog-breaking ; the most 

Expeditious, Certain, and Easy Method. 
By General Hutchinson. Woodcuts. 
8vo, 9s. 

Modem Domestic Cookery, 

Founded on Principles of Economy and 
Practice, and adapted for pnvate families. 
By a Lady. Fcap. 8vo, 58. 


ECONOMY, SPORT, ETC. 


Some Account of Deer and 

Deer Parks, with Notes on their Man- 
agement By Evelyn P. Shirley, 
Illustrations Fcap 4to, 21s. 

Royal Agricultural Journal 

(published half-yearly). 8vo 

Wild Sports and Natural His- 
tory of the Highlands By Charles 
St John. Post 8vo, 3s. 6d 

The Chase — The Turf — and 

the Road By Nimrod Illustrations. 
Crown 8vo, 5s. , or coloured plates, 7s. fid. 

Salmonia ; or days of Fly-Fish- 

ing ^ Sir Humphry Davy Wood- 
cuts Fcap 8 VO, 3s fid 

Bees and Flowers. By Rev. 

Thomas James Fcap 8vo, is each 

Horse - Shoeing ; as it is, and 

as It should be By William Douglas. 
Plates. Post 8vo, 7s. fid 

Music and Dress. By a Lady. 

Fcap 8vo, IS. 

Art of Dining ; or, Gastro- 

nomy and Gastronomers Fcap. 8yo, 

IS. 6d. 

Choice of a Dwelling ; a 

Practical Handbook of Useful Informa- 
tion on all Points connected with Hinng, 
Buying, or Building a House. Plans. 
Post 8vo, 7s fid. 

The Gentleman’s House ; or, 

How to Plan English Residences, from 
the Parsonage to the Palace. With 
Tables of Cost and Plans. By Robert 
Kerr. Illustrations. 8vo, 24s. 

A Small Country House. Brief 

Directions on the Planning of a Residence 
to cost from;^aooo to 7000, By Robert 
Kerr. Post 8vo, 3s. 
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DR. WM. SMITH’S EDUCATIONAL WORKS. 


DICTIONARIES. 

A Dictionary of the Bible ; Its 

Antiquities, Biography, Geography, and 
Natural History Illustrations 3 vols 
8vo, 1055 

A Concise Bible Dictionary. 

For the use of Students and Families 
Condensed from the above With Maps 
and 300 Illustrations 8vo, 21s 

A Smaller Bible Dictionary. 

For Schools and Young Persons 
Abridged from the above lYith Maps 
and Woodcuts Crown 8vo, 7b 6d 

A Dictionary of Greek and 

Roman Antiquities Comprising the 
Laws, Institutions, Domestic Usages, 
Painting, Sculpture, Music, the Drama, 
etc With 500 Illustrations. Medium 
8vo, 28s 

A Dictionary of Greek and 

Roman Biography and Mythology, con- 
taining a History of the Ancient World, 
Civil, Literary, and Ecclesiastical, from 
the earliest times to the capture of Con- 
stantinople by the Turks With 564 
Illustrations 3 vols Medium 8vo, 84s 

A Dictionary of Greek and 

Roman Geography, showing the Re- 
searches of modern Scholars and Travel- 
lers, including an account of the Political 
History of both Countries and Cities, as 
well as of their Geography With 530 
Illustrations 2 vols Medium 8vo, 56s 

A Classical Dictionary of 

Mythology, Biography, and Geography 
With 750 Woodcuts 8vo, i8s 

A Smaller Classical Dictionary. 

Abridged from the above With 200 
Woodcuts. Crown 8vo, 7s 6d 

A Smaller Dictionary of Greek 

and Roman Antiquities Abridged from 
the larger work With 200 Woodcuts 
Crown 8vo, 7s 6d 

A Latin - English Dictionary. 

Based on the works of Forcellini and 
Freund With Tables of the Roman 
Calendar, Measures, Weights, and 
Monies. Medium 8vo, 2zs. 

A Smaller Latin-English Die- 

tionary. With Dictionary of Proper 
Names, and Tables of Roman Calendar, 
etc Abridged from the above. Square 
lamo, 7s. 6d. 


An English-Latin Dictionary, 

Copious and Critical. Medium 8vo, 21s 

A Smaller English-Latin Dic- 
tionary Abridged from the above 
Square i2mo, 7s 6d 

A Mediaeval Latin-English Dic- 
tionary Founded on the Work of 
Ducange Illustrated and enlarged by 
additions, derived from Patristic and 
Scholastic Authors, from the works of 
the Record Commission, Mediaeval His- 
tones, Charters, Glossaries, Dictionanes, 
&c , Ancient and Modern By E A 
Dayman, B D [/« Preparation 

MURRAY^S 

STUDENTS MANUALS. 

A Series of Historical Class Books, 
Forming a complete chain of History 
from the earliest ages to modem times. 

Student’s Old Testament His- 
tory, from the Creation to the Return 
of the Jews from Captivity With an 
Introduction by Philip Smith Maps 
and Woodcuts Post 8vo, 7s 6d 

Student’s New Testament His- 
tory With an Introduction connecting 
the History of the Old and New Testa- 
ments. By Philip Smith Maps and 
Woodcuts. Post 8vo, 7s 6d 

Student’s Manual of Ecclesias- 
tical History of the Christian Church, 
from the Earliest Times to the Eve of 
the Protestant Reformation By Philip 
Smith Woodcuts Post 8vo, 7s. 6 d 

Student’s Ancient History of 

the East Egypt, Assyria, Babylonia, 
Media, Persia, Phoenicia, &c. By Philip 
Smith. Post 8vo, 7s. 6d. 

Student’s History of Greece, 

from the Earliest Times to the Roman 
Conquest , with the History of Literature 
and Art By Dr. Wm. Smith. Wood- 
cuts Post 8vo, 7s 6d. 

Student’s History of Rome, 

from the Earliest Times to the Establish- 
ment of the Empire ; with the History of 
Literature and Art. By Dean Liddell. 
Woodcuts. Post 8 VO, 7s. 6d. 
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Student’s History of the Decline 

and Fall of the Roman Empire By 
Edward Gibbon. Woodcuts. Post 
8vo, 7s, 6d 

Student’s History of Europe 

during the Middle Ages By Henry 
Hallam. Post 8vo, 7b 6d 

Student’s Constitutional His- 
tory of England from the Accession of 
Henry VII ‘to the Death of George II 
By Henry Hallam Post 8vo, 7s 6d 

Student’s Hume : a History of 

England from the Invasion of Julius 
CiCSAR to the Revolution m 1688 By 
David Hume Corrected and continued 
down to 1868 Woodcuts Post 8vo, 
7s 6d 

Student’s History of France, 

from the Earliest Times to the Establish- 
ment of the Second Empire, 1852 By 
Rev W. H Jervis Woodcuts Post 
8vo, 7s 6d 

Student’s Manual of Ancient 

Geography By Rev W L Bevan 
Woodcuts Post 8vo, 7s 6d 

Student’s Manual of Modern 

Geography, Mathematical, Physical, and 
Descriptive By Rev. W L Bevan 
Woodcuts Post 8vo, 7s 6d 

Student’s Manual of the English 

Language By George P Marsh 
Post 8vo, 7s 6d 

Student’s Manual of English 

Literature. By T B Shaw Post 8vo, 
7s ^ 

Student’s Specimens of English 

Literature By T B Shaw Post 
8vo, 7s 6d 

Student’s Manual of Moral 

Philosophy With Quotations and Re- 
ferences By William Fleming Post 
8vo, 7s 6d 

Student’s Blackstone : An 

Abridgment of the Commentaries, 
adapted to the altered state of the Law 
By Dr. Malcolm Kerr. Post 8vo, 
7s 6d. 

DR. SMITH’S 
SMALLER HISTORIES. 

A Smaller Scripture History of 

the Old and New Testaments Wood- 
cuts. i6mo, 3s 6d> 

A Smaller Ancient History of 

the East, from the Earliest Times to the 
Conquest of Alexander the Great. 
With 70 Woodcuts. i6mo, 3s. 6d. 


A Smaller History of Greece, 

from the Earliest Times to the Roman 
Conquest With 74 Woodcuts. i6mo, 
3s 6d 

A Smaller History of Rome, 

from the Earliest Times to the Establish- 
ment of the Empire Woodcuts. i6mo, 
3S 6d 

A Smaller Classical Mythology. 

With Translations from the Ancient 
Poets, and Questions on the Work With 
90 Woodcuts i6mo, 3s 6d 

A Smaller Manual of Ancient 

Geography With 36 Woodcuts i6mo, 
Si* 6d 

A Smaller History of England, 

from the Earliest Times to the year 
1868 With 68 Woodcuts. i6mo, 3s 6d 

A Smaller History of English 

Literature , giving a Sketch of the Lives 
of our chief Writers i6mo, 3s 6d 

Short Specimens of English 

Literature Selected from the chief 
Authors, and arranged chronologically. 
i6mo, 3s 6d 

A Smaller Manual of Modem 

Geography i6mo 

A Primary History of Britain 

for Elementary Schools Edited by 

Dr Wm. Smith i2mo, 2s 6d. 


MARKHAM’S HISTORIES. 
A History of England, from 

the First Invasion by the Romans. Con- 
tinued down to 1867 With Conversa- 
tions at the end of each Chapter. By 
Mrs Markham. With 100 Woodcuts. 
T2mo, 3s 6d 

A History of France, from the 

Conquest by the Gauls Continued 
down to 1861 With Conversations at 
the end of each Chapter By Mrs. 
Markham Woodcuts. x2mo, 3s. 6d. 

A History of Germany, from 

the Invasion of the Kingdom by the 
Romans under Manus Continued down 
to 1867 On the Plan of Mrs. Markham. 
With 50 Woodcuts, zamo, 3s. 6d. 


Little Arthur’s History of Eng- 

land By Lady Callcott. Continued 
down to the year 1872. With 36 Wood- 
cuts. i6mo, IS. 6d. 
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LATIN COURSE. 
Principia Latina, Part I. A 

First Latin Course, comprehending Gram- 
mar, Delectus, and Exercise Book, with 
Vocabularies With Accidence adapted 
to the “Ordinary Grammars,” as well 
as the “Public School Latm Primer.” 
zamo, 3s 6d. 

Principia Latina, Part 11. A 

I»atin Reading Book, an Introduction to 
Ancient Mytholo^, Geography, Roman 
Antiquities, and xlistory With Notes 
and Dictionary. lamo, 3s 6d. 

Principia Latina, Part III." A 

Latm Poetry Book, containing Easy 
Hexameters and Pentameters, Eclogae 
Ovidianae, Latin Prosody, First Latin 
Verse Book lamo, 3s 6d 

Principia Latina, Part IV. 

Latin Prose Composition, containing the 
Rules of Syntax, with copious Examples, 
and Exercises on the Syntax lamo, 
3s 6d. 

Principia Latina, Part V. 

Short Talcs and Anecdotes from Ancient 
History, for Translation into Latin Prose 
zamo, 3s 

A Latin-EnglishVocabulary: ar- 
ranged according to subiects and ety- 
mology , with a Latin-English Dictionary 
to Pnasdrus, Cornelius Nepos, and 
Casar’s “ Gallic War.” lamo, 3s 6d 

The Student’s Latin Grammar. 

Post 8vo, 6s 

A Smaller Latin Grammar. 

Abridged from the above, lamo, 3s 6d. 

Tacitus. Germania, Agricola, 

and* First Book of the Annals With 
English Notes By Dr, W Smith 
zamo, 3s. 6d. 

A Child’s First Latin Book, 

including a systematic treatment of the 
New Pronunciation , and a full Praxis of 
Nouns, Adjectives, and Pronouns. By 
T. D. Hall, M A. i6mo, is. 6d. 


GREEK COURSE. 

Initia Graeca, Part I. A First 

Greek Course: comprehending Grammar, 
Delectus, and Exercise-book. With 
Vocabularies, zamo, 3s 6d. 

Initia Graeca, Part II. A 

Greek Reading Book, Containing Short 
Tales, Anecdotes, Fables, Mythology, 
and Grecian Histo^. Arranged in a 
systematic progression, with Lexicon, 
zamo, 3s. 6a. 


Initia Graeca. Part III. Greek 

Prose Composition : containing a Syste- 
matic Course of Exercises on the Sjm- 
tax, with the Principal Rules of Syntax, 
and an English - Greek Vocabulary to 
the Exercises, lamo, 3s. 6d 

The Student’s Greek Grammar. 

By Professor Curtius Post 8vo, 6s. 

A Smaller Greek Grammar. 

Abridged from the above zamo, 3s 6d. 

The Greek Accidence. Ex- 
tracted from the above work, zamo, 
as 6d 

Elucidations of the Student’s 

Greek Grammar, By Professor CuRTi US. 
Translated by Evelyn Abbott. Post 
8 VO, 7s. 6d 

Plato. The Apology of So- 
crates, the Cnto, and Part of the Phaedo ; 
with Notes in English from Stallbaum, and 
Schleiermacher's Introductions. By Dr. 
Wm. Smith laino, 3s 6d 

ENGLISH COURSE. 

A Primary History of Britain 

for Elementary Schools lamo, as. 6d. 

A School Manual of English 

Grammar, with Copious Exercises By 
Dr Wm Smith and T D. Hall, M.aI 
Post 8vo, 3s 6d 

A Primary English Grammar 

for Elementary Schools With Exer- 
cises and Questions Founded on the 
above work By T D Hall. z6mo, 

IS 

A School Manual of Modem 

Geography lamo \Ln the Press^ 

FRENCH COURSE. 
French Principia, Part 1. A 

First French Course, containing Gram- 
mar, Delectus, Exercises, and Vocabu- 
laries lamo, 3s 6d ^ 

French Principia, Part II. 

A Reading Book, with Notes, and a 
Dictionary i2mo, 3s 6d 

French Principia, Part HI. 

An Introduction to French Prose Com- 
position, containing a Systematic Course 
of Exercises on the Syntax, with the 
Principal Rules of Syntax zamo 

\In Preparatim, 

GERMAN COURSE. 
German Principia, Part I. A 

First German Course, containing Gram- 
mar, Delectus, Exercises, and vocabu- 
lary. zamo, 3s. 6d. 

German Principia. Part 11. A 

Reading Book, with Notes and a Dic- 
tionary. zamo. 3S. 6d. 
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SCHOOL BOOKS. 

An English Grammar. A 

Methodical, Analytical, and Histoncal 
Treatise on the Orthography, Prosody, 
Inflections, and Syntax of the English 
Tongue By Professor Maetzner 
Translated by ClaIr J Grkce, LL D 
3 vols 8vo, 36s 

King Edward VI.’s Latin Ac- 

cidence , or, Elements of the Latin 
Tongue, for the Use of Junior Classes 
zamo, 2s 6d 

King Edward VI.’s Latin Gram- 
mar : or, An Introduction to the Latin 
Tongue lamo, 3s 6d 

English Notes for Latin Ele- 

§ iacs Designed for early proficients in 
le art of Latin Versification By Rev 
W OXENHAM 12mo, 3S. 6d 

Principles of Greek Etymology. 

By Professor Curtius Vol I In- 
troduction, Regular Substitution of 
Sounds Translated by A S Wilkins, 
M A , and E B. England, M A 
8vo, 15s 

Principia Graeca : an Intro- 
duction to the study of Greek, compre- 
hending Grammar, Delectus, and 
Exercise Book, with Vocabularies By 
H E Hutton, M A lamo, 3s 6d ^ 

Buttman’s Lexilogus; a Critical 

Examination of the Meaning and Ety- 
mology of Passages in Greek Writers 
Translated, with Notes, by Fishlake 

8 V 0 , I 2 S 

Buttman’s Greek Verbs; with 

all the Tenses — their Formation, Mean- 
ing, and Usage, accompanied by an In- 
dex Translated, with Notes, by Fish- 
Lake Post 8vo, 6s. 

Matthiffi’s Greek Grammar. 

Abridged by Blomfield. Revised by 
Crook e Post 8vo, 4s. 

A Popular Etymological Dic- 
tionary of the French Language By 
Edward Pick, Ph.D. 8vo, 7s. 6d. 

Hora^.. With loo Vignettes. 

Posjii^vo, 7s. 6d 

a tactical Hebrew Grammar ; 

Xnth an Appendix, containing the Heb- 
rew Text of Genesis I VI and Psalms 
I VI. Grammatical Analysis and Voca- 
bulary By Rev. Stanley Leathes. 
Post 8vo, 7S 6d. 

/rhe Poems and Fragments of 

Catullus. By Robinson Ellis, Fcap 
8vo, ss. 


First Book of Natural Philo- 

•sophy : an Introduction to the Study of 
Statics, Dynamics, Hydrostatics, Optics 
and Acoustics, with numerous Examples. 
By Professor Newth. Small 8vo, 3s. 6d. 

Elements of Mechanics, includ- 
ing Hydrostatics, with nuf;,irous exam- 
ples By Professor Newth Small 8vo, 
8s 6d 

Mathematical Examples. A 

Graduated Series of Elementary Exam- 
ples in Arithmetic, Algebra, Logarithms, 
Trigonometry, and Mechanics By Pro- 
fessor Nfwth Small 8vo, 8s 6d 

Stories for Children. Selected 

from the History of England By J W, 
Croker. Woodcuts i6mo, as 

Progressive Geography for 

Children By J. W Choker i8mo, 
IS 6d 

-^sop’s Fables, A New Version, 

chiefly from Original Sources, by Rev. 
Thomas James With zoo Woodcuts, 
Post 8vo, as 6d 

Gleanings in Natural History 

for Schools With Anecdotes of the 
Sagacity and Instinct of Animals By 
Edward Jesse. Fcap 8vo, 3s 6d. 

Philosophy in Sport made 

Science m Earnest; or Natural Philo- 
sophy inculcated by the Toys and Sports 
of Youth By Dr Paris, Woodcuts, 
Fcap 8 VO, 7s 6d 

The Charmed Roe; or, The 

Little Brother and Sister. By Otto 
Speckter Illustrations z6mo, 5s 

Stories for Darlings. Square 

i6mo, ss 

Hymns in Prose for Children. 

by Mrs Barbauld. Illustrations. 
Fcap. 8vo, 5s 

Puss in Boots. By Otto Speck- 

ter Illustrations z6mo, is 6d 

Self - Help ; with Illustrations 

of Conduct and Perseverance. By 
Samuel Smiles. Small 8vo, 6s. 

Character : a Companion to 

“ Self - Help ” By Samuel Smiles, 
Small 8vo, 

Thrift : a Sequel to “ Self - 

Help” and ** Character.” By Samuel 
Smiles. Small 8vo, 68. 

A Boy’s Voyage Round the 

World. Illustrations. By Samuel 
Smiles. Small 8vo, 6$. 
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Mr. Murrays List of Works. 


The Home & Colonial Library. 


Class A— BIOGRAPHY, HISTORY, &c 

1. Drinkwater’s Gibraltar. 2s. 

2. The Amber Witch. 2s. 

3. SouTHE/’s Cromwell and Bun- 

yan 2s. 

4. Barrow’s Sir Francis Drake. 2s. 

5. British Army at Washington. 2s. 

6. French in Algiers. 2s. 

7. Fall of the Jesuits. 2s. 

8. Livonian Tales. 2s. 

9. Conde. By Lord Mahon. 3s. 6d. 

10. Sale’s Brigade in Afghanistan. 2s. 

11. Sieges of Vienna 2s. 

12. Milman’s Wayside Cross 2s. 


13. War of Liberation in Germany 

3s. ^6d 

14. Gleig’s Battle of Waterloo. 3s. 6d. 

15. Steffens’ Adventures. 1813-14. 

2S 

16. Campbell’s British Poets. 3s. 6d 

17. Essays. By Lord Mahon, 3s. 6 d. 
ik Gleig’s Life of Lord Clive. 3s. 6 d. 

19. Stokers and Pokers. By Sir 

Francis Head 2s 

20. Gleig’s Life of Munro. 3s. 6d. 

Class B— VOYAGES and TRAVELS 

1. Borrow’s Bible in Spam. 3s. 6 d. 

2. Borrow’s Gipsies of Spam. 3s. 6cl 


3, 4. Heber’s Journals in India. 

7s. 

5. Holy Land. By Irby and Man- 

gles 2S. 

6. Hay’s Western Barbary. 2s. 

7. Letters from the Baltic. • 2S. 

8. Meredith’s New South Wales. 

2S 

9. Lewis’ West Indies. 2s. 

10. Malcolm’s Persia 3s. 6d. 

11. Father Ripa at Pekin. 2s. 

12. 13. Melville’s Marqueses Is- 

lands 7s. 

14. Abbot’s Missionary in Canada. 2s. 

15. Letters from Madras 2s. 

16. St. John’s Highland Sports. 

3s 6d. 

17. The Pampas. By Sir F. Head. 

2S. 

18. Ford’s Gatherings from Spain. 

3s. 6d 

19. Edwards’ River Amazon. 2s. 

20. Acland’s India. 2s. 

21. Ruxton’s Rocky Mountains. 

3s 6d. 

22. Carnarvon’s Portugal and Galli- 

cia 3s 6d. 

23. Haygarth’s Bush Life. 2s. 

24. St. John’s Libyan Desert. 2s. 

25. Letters from Sierra Leone. 3s. 6d. 


DR. WM. SMITH’S ANCIEISTT ATLAS. 

AN ATLAS OF ANCIENT GEOGRAPHY, Biblical and Classical. 
Intended to illustrate the ‘ Dictionary of the Bible,’ and the * Dictionanes 
of Classical Antiquity.’ Compiled under the superintendence of Dr. 
WM. SMITH, and Mr. GEORGE GROVE. Folio, half-bound, 6s. 


1 Geographical Systems of the Ancients. 

2 The World as known to the Ancients 

3 Empires of the Babylonians, Lydians, 

Medes, and Persians 

4. Empire of Alexander the Great 

5, 6. Kingdoms of the Successors of Alex- 

ander the Great. 

7. The Roman Ei^ire in its greatest extent. 

8. The Roman Empire after its division 

into the Eastern and Western Empires. 

9. Greek and Phoemcian Colonies, 
xo. Britannia. 

XT. Hispania. 

X2 Gallia. 

X3. Germania, Rhaetia, Noricum. 

14. Paeonia, Thracia, Mcesia, Illyria, Dacia. 

15. Italy, Sardinia, and Corsica. 
x& Italia Superior 

17. Italia Inferior. 
x8. Plan of Rome. 

19. Environs of Rome 

aa Greece after the Doric Migration. 


21 Greece during the Persian Wars 

22 Greece during the Peloponnesian War. 

23 Greece during the Achaean League. 

24, Northern Greece 

25. Central Greece— -Athens, 

26 Peloponnesus — With Plan of Sparta. 

27 Shores and Islands of the iEgean Sea. 

28. Historical Maps of Asia Minor. 

29. Asia Minor. 

30 Arabia 

31. India. 

32. Northern Part of Africa. 

33. iEgypt and ./Ethiopia. 

34. Historical Maps of the Holy Land. 

35. 36 The Holy Land. North and South. 

37. Jerusalem, Ancient and Modem. 

38. Environs of Jerusalem. 

39. Smai 

40. Asia, to illustrate the Old Testament. 

41. Map, to illustrate the New Testament. 
41^ 43. Plans of Babylon, Nineveh, Troy, 

* Alexandna, smd Byzantium. 




Mr. Murray's List of Works. 


INDEX. 


Abercrombie’s Works - 20 

iEsop’s Fables - - 22 

Agncultural Journal - 25 

Aids to Faith - - 15 

Albert Durer - - - 19 

Albert (The) Memorial - 18 

Speeches - - 21 

Army Lists - - - 24 

Arnold’s Architecture - 20 

Art of Dining - - 25 

Austin’s Jurisprudence - 20 

Barbauld’s Hymns - 29 

Barrow’s Autobiography 8 

Barry’s (Sir C ) Life - 8 

Bates’ River Amazon - ir 

Bax’s Eastern Seas - 8 

Beauclerk’s Norway - ii 

Bees and Flowers - - 25 

Belcher’s (Lady) ‘Bounty’ 11 
Bell’s Letters ■ " 7 

Belt’s Nicaragua - - 11 

Bertram’s Harvest of Sea 18 
Bible Commentary - 2 

Birch’s Ancient Pottery 18 

Bird’s Sandwich Islands 10 

Bisset’s Commonwealth 4 

Sport in Africa - 9 

Blackstone’s Comments 20, 2 1 
Blomfield’s(Bp ) Memoir 8 
Blunt’s Works - - 15 

Sorrow’s Works - - 22 

Boswell’s Johnson - 7 

Brace’s Ethnology - 17 

Bray’s Stothard - - 7 

Cevennes - - 4 

British Association - 17 

Broughton’s Albania - 10 

Italy - - - 12 

Brownlow’s Reminiscences 6 
Brugsch’s Ancient Egypt 3 
Burckhardt’s Cicerone - 19 

Buckley’s Natural Science 17 
Burgon’s Tytler - - 8 

Letters from Rome 22 

Bum’s Nav & Mil Terms 24 
Burrow’s Constitution - 20 

Buttmann’s Works - 29 

Buxton’s Memoirs, &c. - 7 

Byles’ on Religion - - 16 

Byron’s Life - - - 7 

Poetical Works - 23 

Campbell’s Chancellors 
and Chief- Justices - 6 

Lord Bacon - - 6 

— — Napoleon ■ - 7 

Carnarvon’s Athens and 
Druses - - - 10 

Child’s Benedicite - 16 

Chisholm’s Polar Seas - ix 

Choice of a Dwelling - 20 

Church and the Age - 15 

Churton’s Poetical Works 24 


Clode’s Military Forces 24 

Martial Law - - 20 

Colchester Papers - - 7 

Coleridge’s Table-Talk - 22 

Conolly’s Life - * 7 

Cookery - - - 25 

Cooke’s Sketches - - 19 

Cook’s Sermons - - 16 

Cooper’s China - - 8 

Cornwallis Papers - - 5 

Cowper’s Diary - - 6 

Crabbe’s Life and Works 23 

Croker’s Geography - 29 

Stories for Children 29 

Crowe’s Flemish Painter 7, 19 

Painting m Italy - 19 

Cumming’s South Africa 9 

Cunynghame’s Caucasus 10 

Curtiu^ Works - 28, 29 

Curzon’s Monastenes - 10 

Cust’s Annals of the Wars 5, 6 

Darwin’s Works - > 17 

Davy’s Consolations - 21 

Salmonia - - 25 

Derby’s Homer - - 23 

De Ros’s Young Officer 25 
Deutsch’s Talmud - 8 

Douglas’s Life - - 8 

Gunnery - - 24 

Bridges • - - 24 

Horse-Shoeing - 25 

Ducange’s Dictionary - 26 

Du Chaillu’s Africa - 9 

Duffenn’s High Latitudes ii 
Duncan’s Artillery - 5 

Dyer’s Modern Europe 4 

Eastlake’s Essays - 7 

Eldon’s Life - - - 6 

Elgin’s Letters - - 7 

Ellis’s Madagascar - 9 

Memoir - - - 6 

Ellis’s Catullus - 24 

Elphinstone’s India - 5 

Turning - - 18 

Eire’s Byron - - - 7 

Essays on Cathedrals - 15 

Fergusson’s Architec- 
tural Works - - 19 

Forsyth’s Cicero - - 7 

Hortensius - - 21 

Ancient Manuscripts ax 

Novels and Novelists 21 

Fortune’s China - - 9 

Foss’ Biographia Juridica 6 
Frere’s India & Africa - ax 

Galton’s Art of Travel 12 

Geographical Journal - 12 

George^s Mosel & Loire ix 

Gibbon’s Roman Empire 3 

Giffard’s Naval Deeds - 5 

Gladstone’s Rome - • x6 


Goldsmith’s Works - 23 

Grey’s Wm IVth - - 7 

Reform - - - ai 

Grote’s Histones - * a, 3 

Works - - - 20 

Life - - - 6 

Ary Scheffer - - 7 

Guizot’s Christianity - 16 

Hallam’s England - 4 

Middle Ages - - 4 

Literary History - aa 

Remains - - 22 

Hall’s English Grammar a8 

First Latin Book - a8 

Hamilton’s Guards - 5 

Handbooks for Travellers 12-X4 
Hatherley on Senpture - 16 

Head’s Engineer - - 24 

Burgoyne - - 8 

Bubbles from Nassau 12 

Shall and Will - 23 

Heber’s Poetical Works 16, 23 
Herschel’s Memoir - 6 

Hollway’s Norway - ix 
Home and Col Library- 30 
Hook’s Church Dictionary 15 

Life - - « ^ 

Hope’s Ahmedabad - 19 

Worship - - 16 

Houghton’s Monographs 6 

Poetical Works - 24 

Hume’s England - - 4 

Hutchinson’s Dog-Break- 
ing - - - - 25 

Hutton’s Pnncipia Gracca 29 

Jacobson's Prayer Book 16 
Jameson’s I tal. Painters 7,19 
Jennings’ United States 2X 
Jervis’s Galhcan Church 4 
Jesse’s Gleanings - - 18 

Johns’ Blind People - 22 

Johnson’s (Dr.) Life 7 

English Poets - 23 

Junius* Handwriting - 22 

Ken’s Life - - - 6 

Apostle’s Creed - 15 

Kerr’s Country House - 20 

King Edward Vlth’s 
Grammars - - - 29 

King’s Essays - - 2x 

Kirk’s Charles the Bold 4 
Kirkes’ Physiology - 18 

Kugler’s Italian Schools zg 
German Schools - 19 

Lane’s Modem Egyptians 9 
Lawrence’s Reminiscences o 
Layard’s Nineveh - - 9 

Leathes’ Heb Oammar 39 
Leslie’s Handbook for 

Painters^ - - - 19 

Levi’s British Commerce 21 
Liddell’s Rome - • 26 



32 


Index. 


Lindsaj^s Etruscs^i In< 


scriptions - - - aa 

Idspings from Low Lati- 
tudes - . - - aa 

Little Arthur’s England a; 
lavinestone’s Travels - 9 

Lloytfs Sicily - - 3 

Loch’s China - - 5 

Lockhart’s Spanish Bal- 
lads - - - - 23 

Loudon’s Gardening - 25 

Lyell’s Works - - 17 

Lyttelton’s Ephemera - 22 

Lytton’s Julian Fane - 7 


M‘Clintock’s Arctic 
Seas - - - - II 

Macdougall’s Warfare - 24 

Macgregor’s Rob Roy - xo 
Macpherson’s Life - 8 

Maetzner’s English Gram- 
mar - - - - 23 

Maine’s (Sir H ) Works 20 
Hansel’s Lectures - - 8, 16 

Manual, Admiralty - 17 

Marlborough Letters - 7 

Marco Polo’s Travels - 8 

Markham’s Histones - 27 

Marrvat’s Pottery - 19 

Mattmae’s Greek Gram- 
mar - - - - 29 

Mayne’s Columbia - ii 
Mayo’s Sport in Abyssinia 9 
Meade’s New Zealand - zo 
Messiah (The) - - 15 

Millin^on’s Land of Ham 15 
Mills’ Nablus - - 10 

Milman’s Histories - 3i 4 

St Paul’s - - 5 

— Chnstianity - - 16 

Horace - - - 7, 23 

Poetical Works - 23 

Mivart’s Lessons from 
Nature - - - 21 

Mongredien’s Trees - 25 

Moore’s Clematis - - 25 

Life of Byron - 7 

Mossman’s Japan - - 8 

Motley’s Histones - 4 

Mouhot’s Siam - - 8 

Mozley’s Predestination 16 

Regeneration - - 16 

Muirhead’s Vaux-de-Vire 23 
Murchison’s Siluria - 17 

Memoirs - - 6 

Music and Dress - - 25 

Musters’ Patagonians - 11 


Napier’s English Battles 5 
Nasmyth’s Moon - - 17 

Nautical Almanack - 24 

Navy List - - - 24 

New Testament - - 15 

Newth’s Natural Philo- 
sophy - - - - 18 

Nichols’ Pilgrimages - 22 

Nicholls’ Poor Laws - 21 

Nicolas’ Histone Peerage 5 
Nimrod - - - - 25 


NordhofTs Communistic 
Societies - - - ix 

Old London - - - 4 

Ormathwaite’s Astronomy 18 
Owen’s Modem Artillery 24 
Oxenham’s Latin Elegiacs 29 

Palgr A ve’s Taxation - 21 

Banking - - - 21 

Palliser’s Brittany - - 12 

Monuments - - 22 

Parkman’s Great West - 11 

Parkyns’ Ahyssima - 9 

Peek Pnze Essays - 16 

Peel’s Memoirs - - 8 

Percy’s Metallurgy - 28 

Phillip’s Wm Smith - 7 

Yorkshire - - 17 

Philip’s Literary Essays 22 
Philosophy in Sport - 18 

Pick’s French Dictionary 29 
Pope’s Works - - 23 

Porter’s Damascus - 10 

Prayer-Book - - - i*; 

Pnnciples at Stake - 15 

Pnvy Council Judgments 21 
Puss in Boots - - - 23 

Quarterly Review - 21 

Rae’s North Wind - 11 

Rambles , Syria - • 10 

Ranke’s Popes - - 5 

Rassam’s Abyssinia - 9 

Rawlinson’s Herodotus 3 

Ancient monarchies 3 

Russia m the East 10 

Reed’s Shipbuilding - 18 

Rejected Addresses - 22 

Rennie’s Peking, &c. - 8, 9 

Reynold’s Life - “ 7 

Ricardo’s Works - - 21 

Robertson’s Church His- 
j tory - - - - 4 

Liturgy^ - - - 15 

Robson’s School Archi- 
tecture - - - 20 

Robinson’s Palestine - 10 

Physical Geography 18 

Alpine Flowers - 25 

Wild Garden - 25 

Sub-Tropical Garden 25 

Rowland’s Constitution 21 
Laws of Nature - 21 

Schliemann’s Troy - 10 

Scott’s Architecture - 19 

University Sermons 16 

Scrope’s Central France 17 
Selwyn’s Colloquies - 23 

Shadows of Sick Room 15 
Shah of Persia’s Diary - 11 

Shaw’s Tartary - - 8 

Shirley’s Parks - - 25 

"Simmons’ Court Martial 20 
Sinclair’s Old Times - 22 

Smiles’ 'Popular Biogra- 
phies - - - - 6 

Voyage - 10 

Smith’s«Bible Dictionaries 25 


Smith’s Class. Dictionaries3, 26 

Ancient Atlas - 30 

Educational Course (3) 28 

Smith’s Smaller histories 27 

Ancient History - 3 

Nile - - - 9 

Somerville’s Life - - 6 

Physical Sciences, &c. 17 

Southey’s Book of Church 15 
Spalding’s Tale of Fnthiof 22 
Stanhope’s Histories * 4> 5 

Belisarius - - 7 

Pitt ... 7 

Miscellanies - - 21 

Stanley’s Sinai - - 10 

Bible in Holy Land 10 

Eastern Jewish and 

Scottish Church - - 5 

Canterbury - - 4 

Westminster Abbey 5 

Sermons in East - 16 

Bp , Memoir - - 6 

Arnold - - - 6 

Connthians - - 16 

Stephen’s St Chrysostom 6 
Stones for Darlings - 29 

Street’s Architecture of 


Spam - - - - 19 

Architecture in Italy 19 

Student’s Manuals 26, 27 
Styffe’s Iron and Steel - 18 

Swainson’s Creeds - 16 

Swift’s Life - - - 7 

Sybel’s French Revolution $ 
Symonds' Records of the 
Rocks - - - - 17 

Thielmann’s Caucasus 10 
Thoms’ Longevity - - 18 ^ 

Thomson’s Sermons - 16 

Tocqueville’s State of 
France - - - S 

Tomlinson’s Sonnet - 23 

Tozer’s Turkey & Greece 10 
I nstram’s Land of Moab 10 

Twiselton’s Tongue - 18 

I Tyler’s Primitive Culture 21 
Tylor’s^History of Man- 
kind - - - - 21 

Vambery’s Travels - 8 

Van Lennep’s Asia Minor 9 

Bible Lands - - 14 

Vatican Council - - 16 

Weigall’s Princess Char- 
lotte - - - - 7 

Wellington's Despatches 5 
Whymper’s Alaska - 11 

Wilberforce’s Essays - 21 

Life - - - 7 

Wilkinson's Egyptians - 3 

Wilson’s Life & Diary - 8 

Wood’s Oxus - - - 8 

Words of Human Wisdom 22 
Wordsworth's Athens - 9 

Greece - - - xo 

Yule’s Marco Polo - 8 

Zinckb’s United States * it 










